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âJã�äCãMåNæ2ç

è é ç{ãRêØå èáë!ì å ë6ë åNæ2ç ì8í ì æTî éCïDïZé å í ê ìSè è ð8ñ

ò§ã é-è é ç{ãRêØå è î*ã ð!ð!ó:ìSðtë!ìSð!ì8í ôPè ìUïZé å í ð åNæPõ î*ö ì�è å ë ç ì´÷·ø ù¸é î6î ðtí é õ ìSè êØåNæ å è ð!é ð ã í ó:è å)î ì

ð!éCë î*ã æ2ç ã æ ô ã é-è é ç{ãRêØå è ê ìSè è åLç-ç ë!ì çXå)î ìSð8ñÜú æ ûJüÄý$þÇÿ����´þ����Íü	��
 í é-ó æPõ�@î�� é î���� ìSð�éCï ê ìSè è ð å ë!ì

ã æ:ã5î*ãMå è è � ë åNæPõ é{í è � õ2ã ð î ë ã ôPó î ì õ ñIú æ î*ã í ì � é æ ì ê ìSè è î���� ìtð!éCë î ð î é�ïZéCë*í å�î*ã�� ñ�� ã í ó:è å)î*ã é æ ð

ð ö é � î*ö>å)î ôeé î*ö õ2ã�� ì$ë!ì æTî*ãMå è å=õ2ö ìSð ã é æ åNæPõ ê(ö ì8í é î(å��2ã ð å ë!ì ë!ì��Xó ã ë!ì õ ïZéCë ð!éCë î ì õ î*ã��

ïZéCë*í å)î*ã é æ ñ � ã5î*ö é æ è � õ2ã�� ì$ë!ì æTî*ãMå è å=õ2ö ìSð ã é æ��Üæ é î*ã�� ïZéCë*í ð8ñ � ã5î*ö é æ è � ê(ö ì8í é î(å��2ã ð �

å î*ã�� ïZéCë*í ð ê é æTî(åNã æ:ã æ2ç ôeé î*ö ê ìSè è î���� ìSð8ñ � ö ó:ð�ð ã í ó:è å)î*ã é æ ð êØåNæ � ë!é�� ãRõ ì å í ì î*ö é õ î é

õ ì î ì$ë*í ã æ ì î*ö ì � ë!é ê ìSð!ð!ìSð æ ì ê ìSð!ð å ë � ïZéCë�ô ã é-è é ç{ãRêØå è �hå)î6î ì$ë æ:ã æ2ç ñ
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Ö4Þß�àRá�Þâ�à:ß�àRá:ã:âYäPá�à4á�Þâ å*æWã�ç äPá�ß�æ+è ä'è(é â�ê�æ+ë�ì�á�ß�æ+è æWåxíKâ�ë�ë�ìëEäGãRîOäPáfá�âKã:èà�ß�è å*æ�äAç à�ä'è(é
ë�ßIê>ß�è8ï æWãfï�ä'èß�à�ç àNìà:ß�è8ï á�ÞâQâqð>á�â�è(é8â�é ëEäGãfï/âqñóò Õ�æAáfá�à^ç æ�é8â�ëõôjÚ�î<â�íKßIö7í�îã:æW÷(ë�â�ç àHß�è(íKë�ì(é8â
árø1æGñ�é8ß3ç â�èà:ß�æ+è7ä'ëlä'èæ/ç ä'ë�æ+ìà ï+ã	ä'ß�è ï+ã:æ�øRá�Þ å�ã:æ/ç ß�èÞæ/ç æWï/â�èâ�æ+ìà ß�èßIá�ßEä'ë íKæ+è(é8ßIá�ß�æ+èà�ù
ë�ß3ú�ìß3é é�ã	ä'ß�è7äGï/âRìè(é8âKãNï+ã	ä�ê>ßIárû ß�è á�Þ8ã:â�âqñ�é8ß3ç â�èà:ß�æ+è7ä'ë�ø1â�ájå*æ�äAç à�ùAå*æ�äAç à�üWç â�íZÞ7ä'èß3í-ä'ë�ã:âqñ
àfî<æ+èà:âLä'è(é á�æWî<æ+ë�æWï/ß3í-ä'ë�ã:âYäGãfã	ä'è8ï/â�ç â�è�á�à¶ìè(é8âKãHâqð>á�âKã:è7ä'ëà$á:ã:â�à:à�ù�ä'è(é îOäPáfá�âKã:è å*æWã�ç äPá�ß�æ+è
ä'è(é íKâ�ë�ëcà:æWã$á�ß�è8ï ß�è á�Þâ ç æ+ìè(é à$áZäGï/â æWåXá�Þâ à:ë�ß3ç â ç æ�é8â ý5þ�ÿ����������
	���þ��� ô

Ö1ø1æGñ�é8ß3ç â�èà:ß�æ+è7ä'ë�íKæ�äGã:à:â�èß�è8ï æ�í�íKì8ã:à ß�è ä ø�ß3é8â ã	ä'è8ï/â æWå ç äPá�âKã:ßEä'ë�à�ô �bè àfî(ßIá�â æWå
ä å*â�ø íKæ/ç î(ë�ß3í-äPá�ß�æ+èà�ùXá�Þâ à:ß3ç î(ë�â ä'è(é ø1â�ë�ë^ìè(é8âKã:à$á�æ@æ�é ê�æ+è �Qâ�ì(ç ä'èècü à ëEä�ø ï/æ�ê�âKã:èà
á�Þâ â�ê�æ+ë�ì�á�ß�æ+è æWåeï+ã	ä'ß�èà�ô^Ú@ì8ãfå äAíKâ â�èâKãfïWû é�ã:ßIê�â�à�é8ß��{ìà:ß�æ+è ø�Þß3íZÞ í-ä'ìà:â�à4÷<æ+ìè(édäGã$û ç æGñ
á�ß�æ+ècù�à:æ/ç â ï+ã	ä'ß�èàVâqð�îOä'è(é ä'è(é æAá�ÞâKãVà:Þ8ã:ß�è�� ä'è(é â�ê�â�è�á�ì7ä'ë�ëIû é8ß�à	äGîî<âYäGã�ôV×xð�î<âKã:ß3ç â�è�á�à
à:Þæ�ø á�Þ7äPáCç æ+à$áHÞæ/ç æWï/â�èâ�æ+ìàjß�èßIá�ßEä'ë�íKæ+è(é8ßIá�ß�æ+èà^â�ê�æ+ëIê�â�ß�è�á�æ ä à�í-ä'ë�ß�è8ï à$áZäPá�âRø�ÞâKã:âRá�Þâ
à$áZäPá�ß�à$á�ß3íKàHæWå{á�ÞâLâ�èà:â�ç ÷(ë�â�æWå|ï+ã	ä'ß�èàHã:â�ç ä'ß�è á�ÞâLà	äAç âRø�Þß�ë�â�á�ÞâDä�ê�âKã	äGï/âQäGã:âYä æWå|ï+ã	ä'ß�èà
ß�è(í�ã:âYä'à:â�àeë�ß�èâYäGã:ëIû ß�è á�ß3ç â+ô��(æWã!Þß#ï/ÞëIû ß�èÞæ/ç æWï/â�èâ�æ+ìàeß�èßIá�ßEä'ë�íKæ+è(é8ßIá�ß�æ+èà�ùPá�ÞâCâ�ê�æ+ë�ì�á�ß�æ+è
é8ß��{âKã:à�ôSÖ4Þâ ëEäGãfï/âqñóò Õ�æAáfá�àVç æ�é8â�ëkæ+è ä árø1æGñ�é8ß3ç â�èà:ß�æ+è7ä'ëkëEäPáfá�ß3íKâ à:ß3ç ìëEäPá�â�àSá�Þâ â�ê�æ+ë�ì�ñ
á�ß�æ+è æWå¶á�Þâ é8ß�à:æWã�é8âKã:â�é íKë�ìà$á�âKãDé8â�ê�â�ë�æWî<â�é å�ã:æ/ç ä î<âKãfå*â�ímáDÞâqðdäGï/æ+è7ä'ë0ï+ã	ä'ß�è äGãfã	ä�û ø�ßIá�Þ
ä à:ß�è8ï/ë�â é8âKå*â�ímá-ô Ö4Þâ é8ß�à$á:ã:ß#÷(ì�á�ß�æ+è å*ìè(ímá�ß�æ+èà äGã:â èæAá à$áZäG÷(ë�â+ù!ø�Þß�ë�â á�Þâ ä�ê�âKã	äGï/â äGã:âYä
ä'è(é á�Þâ è@ì(ç ÷<âKãQæWåxï+ã	ä'ß�èàLß�è á�Þâ íKë�ìà$á�âKãQï+ã:æ�ø ë�ß�èâYäGã:ëIû ß�è á�ß3ç â+ô4ÓQæ�ø1â�ê�âKã�ùá�Þâ ï+ã	ä'ß�èà
äPá á�Þâ ÷<æ+ìè(édäGã$û æWåCá�Þâ íKë�ìà$á�âKã å*æWã�ç ä ø1â�ë�ëHé8â�ödèâ�é ã:âKï/ß�æ+è ø�Þß3íZÞ ã:âYäAíZÞâ�à ä àfî<â�íKßEä'ë
à�í-ä'ë�ß�è8ï à$áZäPá�âRø�ßIá�Þ á�ß3ç â�ß�è�êWäGã:ßEä'è�áCé8ß�à$á:ã:ß#÷(ì�á�ß�æ+èà1ä'è(é èæ à�í-ä'ë�âQíZÞ7ä'è8ï/â+ô�ÔL÷(èæWã�ç ä'ëdï+ã	ä'ß�è
ï+ã:æ�øRá�Þ í-ä'è æ�í�íKì8ãRø�ßIá�Þæ+ì�á�ä'èß�à:æAá:ã:æWî�û æWå�à:ì8ãfå äAíKâ â�èâKãfïWû�ù(íKæ+è�á:ã	äGã$û á�æ îã:â�ê>ß�æ+ìàS÷<â�ë�ß�âKåóô
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Õ�Í�Ô2Í�Ì�Ê�Õ�ÄTç�Ò
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¯®,° ± ²!®,°
³ ²!®´®�µ ²�°¶°· ¸ ¹rº
»�¼�½
¯®¿¾ ± ²!®¿¾ ³ ²!®´®· ¸ ¹rº
»¤À;½
k°Á¾ ± ²�°Á¾ ³ ²�°¶°· Â ¹rº
»¤Ã;½

Ä�Å�Æ9Ç�È�ÇVÉ3Ê�Ë�Ì
Í'ÎQÉ�Ï@Æ Æ�Ð�Æ@Í'ÑAÒ Ó ÏUÉ3Ð Ô6Æ Í�ÆYÕ�Í�ÖFÇ'Ç�Æ�Ð É3Ë8×

Ó ± ¯®,°^ØH®,°kµ ¯®¿¾ ØH®¿¾ µ k°Á¾ Ø*°Á¾ µ
ÙÛÚQÜÝÜÝÞ

ß�à ² à�à· ¸ ¹rº
»^á8â;½
ÕTÅ�Æ@Í�Æ ØH®¿¾ ¸ Ø*°Á¾ É3Ð7ã ØH®,° É%Í�Æ Ç�Å�Æ Ç�È�ÇVÉ3Ê�Ö�Ð;Ç�Æ@Í'ÎQÉ�Ï@Æ É%Í�ÆuÉ3Ë Ô6ÆYÇZÕ[Æ�Æ�Ð Ç�Å�Æ Í�Æ�Ë'ä6Æ8ÏHÇ�ÖFåfÆ ÇZÒ2ä6Æ�Ë8æ
É3Ð7ã ß�à Ö�Ë[Ç�Å�ÆvÇ�È�ÇVÉ3ÊGË�Ì
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Í'ÎQÉ�Ï@Æ
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Ç�Æ@Í ù%ú«æûÕ[Æ Ö�Ð7Ï@Ê�Ì7ã
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Í Ï@Æ�Ê�Ê
ÇZÒ2ä6Æ�Ë8× ä�Í�Æ�Ë_ÇVÉ3Êbüýæ[ä�Í�Æ�Ë'ä6ÈAÍ�Æ�æJË�Å�ÆuÉDÇ�Å É3Ð7ã Ë�Ì
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Æ�Ê�Ç�Å�Æ ã
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Í'ÎQÉ�Ï@Æ
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Ñ ÇZÒ2ä6Æ ã
Æ@ä6Æ�Ð7ã
Æ�Ð;Ç=Ï@È�Ì
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ÿ Ë Ç�Å�Æ Ï@È�Ì
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Æ�Ë�ÏYÍ�ÖbÔ6Æ�Ë Ç�Å�Æ Ö�Ð;Ç�Æ@ÍCÉ�ÏHÇ�Ö�È�Ð Ô6ÆYÇZÕ[Æ�Æ�Ð Ë'ä7Ö�Ð�Ë8æ ² à�� Ì�Ë�ÌNÉ3Ê�ÊFÒ
Ö�Ë Ë_Ò~è è ÆYÇ�Í�Ö^ÏAænë��Rñ�� ² à�� ± ² �òà » � Ì~Ç ÖFÇ ã
È¯Æ�Ë Ð�È�Ç ÅNÉ8åfÆ Ç�È Ô6Æ Ë_Ò~è è ÆYÇ�Í�Ö^Ï » � Ð ÎQÉ�ÏHÇUæ�É3Ð
É3Ë_Ò~è è ÆYÇ�Í�Ö^Ï�Ï@È�Ì
ä7Ê�Ö�Ð
Ñ Ë_Ç�Í�Æ�Ð
ÑAÇ�Å ÆYþGÆ8ÏHÇ�ÖFåfÆ�ÊFÒ Æ��
Æ@Í_Ç�ËJÉ ÎRÈAÍ�Ï@Æ ÷�	 ¼ ú »�
 Å�Æ�Ð ² à��� ² �òà æ
É Ë'ä7Ö�Ð
� Öbä ÎõÍ�È(è çaÇ�È � ÅNÉ3Ë É ã
ÖFþGÆ@Í�Æ�Ð;Ç9Æ�Ð�Æ@Í'ÑAÒ ÎõÍ�È(è Ç�ÅNÉDÇoÎõÍ�È(è � Ç�È ç » ² à�� ³ ² �òà Ï@È�Ð;Ç�Í�ÖbÔ7Ì~Ç�Æ�Ë
Ç�È � Ó æNÉ3Ð7ã Ç�Å�Æ@Í�Æ@ÎRÈAÍ�ÆoÔ7Ö#É3Ë�Æ�ËJÇ�Å�Æ ä�Í�ÈAÔwÉ%Ô7Ö�Ê�ÖFÇZÒ ÈAÎlÉ Ë'ä7Ö�Ð � Öbä Ô6ÆYÇZÕ[Æ�Æ�Ð çiÉ3Ð7ã �Næ
ÎQÉ8åfÈAÍ�Ö�Ð
Ñ
çnÇ�È � » é ÖbÑ(Ì
Í�Æ º
»�� Ö�Ê�Ê�Ì�Ë_Ç�ÍCÉDÇ�Æ�ËTÇ�Å�Ö�Ë�Ô7Ö#É3Ë�È�Ð É Ð�ÆuÉ%Í�Æ�Ë_Ç�Ð�Æ�ÖbÑ(ÅkÔ6ÈAÍ�Ë��kÌNÉ%Í�Æ Ê#ÉDÇ'Ç�Ö^Ï@Æ »�� Ð ÏUÉ3Ë�Æ
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· � Öbä7Ë�Ç�È ÖFÇ�Ë�Ð�Æ�ÖbÑ(ÅkÔ6ÈAÍ�Ë'ä7Ö�Ð áA»
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Â ´P² ¶�®�ÃB²c¶"º ¯�ª ¹ ©�¼`² ª�¿�Àv©�®"·}®�´D¨ ¿xª�©�¼`²c¯|®�´ ±/ÀPÀD®"¬�®�ª,´ ¬�ª ¨,©Y±Z®�´ ³\ª ¹ ´1ÀH±�©_º ¼�±�»1®�¶�¶k±�©�®"¬4º ®�¯�¬��±-¬
ÀD®"Á¡²`©�²c´r¬p¨,©Y±Z®�´P¯'Ä3«�®"¬� ÀD®"Á¡²`©�²c´r¬¼�©_º}¯_¬)±Z¶�¶�ª�¨,©Y±�»1P®T¼mª�©�®�²c´r¬)±-¬�®�ª,´P¯'Ä0µ ±'º �±'·e² ÀD®"Á¡²`©�²c´r¬¢¯ ¹ ©�Å
¿�±/¼`²6²c´P²`©q¨B®�²c¯£¿xª�©(¬�P²|®�´r¬�²`©q¿�±/¼`²c¯(³\²�¬4«²c²c´ ¬�P²6ÆH¶Tµ ±Z´1À ®"¬�¯t²$Ç}¬�²`©�®�ª�©£¯ ¹ ©q©�ª ¹ ´1ÀD®�´D¨B¯'Ä3²c®"¬�P²`©
¿<©�²c²$Å:¯ ¹ ©q¿�±/¼`² ²c´P²`©q¨B®�²c¯ ª�© ÆH¶Tµ Å�¬�ª�Å:¯ ¹ ³1¯_¬�©Y±-¬�² ®�´r¬�²`©q¿�±/¼`² ²c´P²`©q¨B®�²c¯'½ È�¿o¬�P² ¿<©�²c²$Å:¯ ¹ ©q¿�±/¼`² ²c´7Å
²`©q¨�º ª�¿pª,´P² ¨,©Y±Z®�´ ®�¯ ÀD®"Á¡²`©�²c´r¬ ¿<©�ªBµ ¬��±-¬ ª�¿± ´P²c®�¨B3³\ª�©�®�´D¨ ¨,©Y±Z®�´8Ä8¬�P²c´ ±Z´ ±/ÀPÀD®"¬�®�ª,´�±Z¶
¿xª�©�¼`² Àv©�®"·e²c¯6¬�P² ³\ª ¹ ´1ÀH±�©_º «�P®T¼) ¯�²`»M±�©Y±-¬�²c¯¬�P²l¬4«ª ¨,©Y±Z®�´P¯6¬�ª µ ®�¨,©Y±-¬�²�¬�ª ²$Çv»M±Z´1À ¬�P²
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Èi´ ª ¹ ©p¯�®Tµ ¹ ¶k±-¬�®�ª,´P¯nª�¿8¨,©Y±Z®�´ ¨,©�ª�«�¬� ¿<©�ªBµ ± ¯�®�´D¨B¶�² ÀD²`¿x²'¼�¬�Är«²m¯�Pª�« ± ´P²�« ¯�ª ¹ ©�¼`²mª�¿
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«�®TÀD²c¶"º ¯q»M±/¼`²'À�Ä�±�³1´Pª�©�µ ±Z¶(¨,©Y±Z®�´ ¨,©�ª�«�¬� ¼�±Z´ ª7¼c¼ ¹ © «�®"¬� ®�¯�ª/¬�©�ª�»1®T¼ ±Z´1À PªBµ ª�¨B²c´P²cª ¹ ¯
¯ ¹ ©q¿�±/¼`²l²c´P²`©q¨�ºe½

Ê ½ Ê Ë ²`¿x²'¼�¬ Ì ©�ª�«�¬�

Èi´ ± ©�²'¼`²c´r¬ µ ª7ÀD²c¶yª�¿|¬�P² ¬�®Tµ ² ²�·eª,¶ ¹ ¬�®�ª,´ ª�¿�¬4«ª�ÅÍÀD®Tµ ²c´P¯�®�ª,´�±Z¶n¯�ªr±�» ¿<©�ª/¬� «�®"¬� ±
¯�®�´D¨B¶�² ÀD²`¿x²'¼�¬ Î�ÏrÐ�Ñ�Ä¢Ò¥²�·}®"¬)±Z´ ¼)�±Z¶�¶�²c´D¨B²'À ¬�P² ¼`ªBµ µ ª,´ «�®�¯�ÀDªBµ ¬��±-¬ ¬�P² ¯�¼�±Z¶�®�´D¨ ¯_¬)±-¬�²
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µS�K·��%� À������G·��������@¹ ÐÑ�����)À��2� �;¶N� ± �R¶:·/À_�G·���� ·����%� ���G·l�"�����YÒ@� ¶-��·/¸ � ·lµ*·�������� � ±D° � ± �%��¹ Óy�YµS�
Á?����À����%�>�9� ���)» ± �)² �����)ÀB�S�2���N¯	�)¸ �a·��"² �%���U½0ÍÔ²D�>Ï ± �%���Dµ µ*·������Y�S� Õ Öa�%���U½N��²D�U½N� ²D�>Ï ± �%�����$·��
À���·l�%�%�2�����Dµ	¹ º������%��¶-�;�%� ½�� ¶-�¨À ± � ��� ���)» ± �)² ²A�B·����$·lµS� ���D�%� ± µS� ����� ¾J�K·L���M· ± ÀG�$·������2���
�����>�e�×����µS���@À_�����Dµ ¯	�)¸ � ±D° � ± �%� ·��"² ¶-��·/¸ À���·l�%�%�2�����Dµ	�n·��%� ± ¸ ���Dµ ������� ²D� ���/�3�¨À2À ± �Ä���
�����3���)¸ �3��ÀH·����'½�� ����Áe�2�����Yµ*·L����¹

Ø �M·��Y�%��·��"² À��U½��;�R�S���%�@ÙU�^Å ° ���%�)¸ �2�����W��� ± ²D���@² ²D�>Ï×���%�2���W�9� ° �2�Ã�;¶"¶-��·/¸ ²A�B·����$·lµS� ©|ª@Ú�ÛA�
ª@Ú�³®��Ü·��"² ÝÌ���R�"����� �����;�Y� ©|ª@Ú�Þ?��ª@Ú�ª^0²D��Áe�2��� ° �@² · �����2�;�%�����)ÀH·��Ñ¸ �¨²D�2�Ü��� ÀH·��)À ± �K·L��� �����
���)» ± �)² ¶m�B·/À_������� ·�� · ¶ ± �"À_������� �;¶ ¶-��·/¸ ���2�YµS���H�a����� ßáà-ânãWà-ä åçæ®è$éÃßmêÂ¹ Ø � �^Å?���2�"²D�@²
����� �K·l�RµS�^Íìë ¾í�/�R��� ¸ �¨²D�2�p��� ���"À�� ± ²D� �9½�� ° �$·��%�2�@�g���)» ± �)² ·��"² µ*·��@�Ì·��"² ���"À��;� ° �;�B·L���@²
µ��B·@Á?�>�G·L�������$·��s¶-�;��À��2� ��� ·/À_� ��� ����� ���)» ± �)² ° �$·��%��¹ º���� �%�)¸ ± �K·L������� �%�2� ± �>��� ·lµ��%�2� ½N�>���
�7�/��� �^Å ° ���%�)¸ �2���G·��Ü²	·L�G· ·��"² ·��$·��>�����)ÀH·��pÀH·��)À ± �K·L��������� ©|ª@Úe«M�¹ Ø �>����� ± � ·/²�²D���Dµ ���)» ± �)²C�
�����>���K·����>� ± ���Y¶-�;��¸ �>� ²D�����%�%�Y� ± ���@² ���)» ± �)² ²A�B·������b���a�����6�7�/�R���S¸ �;¶	������¶-��·/¸ ± ��������ÀH· ° �����K·l���
��Ï×�@À_���Ñ�F·��K·��"À��aµ��B·@Á?�>�9�e¹sËk� ·�� �;��²D���%�@² ²A��� ¶-��·/¸ ���Y¶W· ¯AÅD�@² ·/¸ � ± ���6�;¶����)» ± �)² ���q·/²�²D�@²
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Î Ã0Ì;¾EË,Å%ÓX½&¾�¿MÆ<¾\Ô Î Ã0Ì;¾EË,Å%ÓkÊ2Ñ�Ì É�¾EÑaÆ<¾�¿YÎ Ã0Ì;¾EË,Å%¹

Õ È�¾ÇÉ�Ã?Ñ�ÅMÆ<ÀFÆ<Ä7Æ<ÀF½&¾4Î Ã0Ì;¾EË,Åm¾�½&Ã?ËF½&¾%Ì ÍK¿9Ã�Î Æ<È�¾�ÀAÌ;¾GÊ2Å�Ã=Í Â ¿9À,Ñ�É�¾EÑ Ö�º%¸?×PØ7Ê2Ñ�Ì Â ¿9Ä�Ì^Ù´È�Ã�Î Î ¾
Ö�º%¸&»GØg¹ Õ È�¾�Ð Î Ã0Ì;¾EË,¾%Ì Í	ÃaÊQÎ Ê2Å«Ê)ÆoÁpÃ�ÚqÌ;ÀAÎ ¾EÑ�Å9À,Ã?ÑBÊ2Ë�Û>¾�¿9À,Ã0Ì;ÀAÉpÊ�¿H¿IÊ%Ð Ã=Í�È�¾\ÔkÊ�Ï�Ã?ÑBÊ2Ë&Ü�Ä;Ü�Ü�Ë,¾EÅ%Ó
Ê2ÅNÀ,Ë,Ë,Ä�ÅMÆ9¿IÊPÆ<¾%Ì À,Ñ Ý�ÀZÏ�Ä;¿9¾ ¸;¹"»XÓÞÁ�È�¾�¿9¾ Õ º ¾�½&¾EÑaÆ<ÅNÈBÊ�Û�Û>¾EÑ À,Ñ�ÅMÆ�Ê2ÑaÆ�Ê2Ñ�¾EÃ?Ä�Å9ËFÐ Ê2Ñ�Ì Å9ÀAÎ Ä�ËFÆ�Ê�Ú
Ñ�¾EÃ?Ä�Å9ËFÐ Í	Ã=¿�Æ<È�¾ ¾EÑaÆ<ÀZ¿9¾TÍ	ÃaÊQÎ ¹

ß ÈBÊ2Ñ Ê2Ñ�Ì à�¿<Î ÅMÆ9¿9Ã?Ñ;Ï á�âpã=äZå9Ì;¾�½&¾EË,Ã=Û>¾%Ì Ê Æ<È�¾EÃ=¿9¾�Æ<ÀAÉ�Ê2ËBÍK¿IÊQÎ ¾�ÁpÃ=¿Hæ Í	Ã=¿4Æ9¿9¾GÊPÆ<À,Ñ;Ï Å9È�¾GÊ�¿
ç Å9ÀAÎ Û�Ë,¾�Å9È�¾GÊ�¿pÊ2Ñ�Ì Ä�Ñ�ÀbÊ�Ô;ÀbÊ2Ë�Å9È�¾GÊ�¿¶è�Í	Ã=¿éÊ�¿HÜ�ÀFÆ9¿IÊ�¿9À,ËFÐ Ã=¿9À,¾EÑaÆ<¾%Ì È�¾\ÔkÊ�Ï�Ã?ÑBÊ2ËkÑ�¾�ÆoÁpÃ=¿Hæ0Å%¹ Õ È�¾�Ð
¿9¾%É�Ã=Ï�Ñ�ÀZê%¾%Ì Æ<ÈBÊPÆ�Ë,À,Ñ�¾GÊ�¿%Ó�È�Ã�Î Ã=Ï�¾EÑ�¾EÃ?Ä�ÅmÌ;¾�Í	Ã=¿<Î ÊPÆ<À,Ã?Ñ�Å Ã=Í;Û>¾�¿9À,Ã0Ì;ÀAÉ4Ñ�¾�ÆoÁpÃ=¿Hæ0Å ¿9¾%ë�Ä�ÀZ¿9¾éÊPì Ñ�¾
Ì;À,ÅHÛ�ËbÊQÉ�¾%Î ¾EÑaÆéÃ=Í_Ü�Ä;Ü�Ü�Ë,¾ Ê2Ñ�Ì íkËAÎ Î ÀAÌ7Û>Ã?À,ÑaÆ<Å%¹ Õ È�¾�Ð ÅMÆ<Ä�Ì;À,¾%Ì Æ<È�¾lÅMÆ9¿9¾EÅ9Å}Ú~ÅMÆ9¿IÊ2À,Ñ ¿9¾EËbÊPÆ<À,Ã?Ñ0Ú
Å9È�ÀZÛ�Å Ê2Å Ê Í	Ä�Ñ�ÉdÆ<À,Ã?Ñ Ã=ÍlÈ�¾\ÔkÊ�Ï�Ã?Ñ Ã=¿9À,¾EÑaÆ�ÊPÆ<À,Ã?Ñ Ê2Ñ�Ì Ë,ÀAë�Ä�ÀAÌ ½XÀ,Å<É�Ã?Å9ÀFÆoÐ Ö�º%¸2îQØg¹ Ý�ÀZÏ�Ä;¿9¾ ¸;¹ï×
Å9È�Ã�Á�Å Ê ÅMÆ9¿9¾EÅ9Å}Ú~ÅMÆ9¿IÊ2À,Ñ É�Ä;¿M½&¾ Í	Ã=¿ Å9È�¾GÊ�¿ ðkÃ�Á É�Ã=¿H¿9¾EÅHÛ>Ã?Ñ�Ì;À,Ñ;Ï Æ<Ã È�¾\ÔkÊ�Ï�Ã?Ñ�Å Ä�Ñ�Ì;¾�¿ Å9È�¾GÊ�¿%Ó
Å9È�Ã�Á�Ñ À,Ñ Ý�ÀZÏ�Ä;¿9¾ ¸;¹"»X¹ ñY¾EÀ,Ñ�¾EËFÆ Ê2Ñ�Ì ß ¿IÊ%ÐXÑ�ÀZæ Ö�º�òXº\ØgÓ�Ä�Å9À,Ñ;Ï Æ<È�¾ ÅIÊQÎ ¾ Î Ã0Ì;¾EËóÓ ÅMÆ<Ä�Ì;À,¾%Ì Ê
È�¾\ÔkÊ�Ï�Ã?ÑBÊ2ËXÍ	ÃaÊQÎ Á�ÀFÆ<È ÊlÅ9ÀZê%¾iÌ;À,ÅMÆ9¿9ÀZÜ�Ä7Æ<À,Ã?Ñ Ê2Ñ�Ì Ì;¾�¿9ÀF½&¾%Ì ¾\Ô7Û�Ë,ÀAÉ�ÀFÆh¿9¾EËbÊPÆ<À,Ã?Ñ�Å«Ü>¾�ÆoÁp¾E¾EÑ ÅMÆ9¿9¾EÅ9Å
Ê2Ñ�Ì ÅMÆ9¿IÊ2À,Ñ Æ<¾EÑ�Å9Ã=¿9Å%¹

ô È�À,Ë,¾ Ê2ÑBÊ2ËFÐyÆ<ÀAÉ�Ê2Ë¦É�Ê2ËAÉ�Ä�ËbÊPÆ<À,Ã?Ñ�Å ¾\Ô;À,ÅMÆ Ã?Ñ�ËFÐ Í	Ã=¿NÛ>¾�¿9À,Ã0Ì;ÀAÉ ÅMÆ9¿9Ä�ÉdÆ<Ä;¿9¾EÅ Ã=¿TÍ	Ã=¿TË,À,Ñ�¾GÊ�¿ ¿9¾\Ú
ÅHÛ>Ã?Ñ�Å9¾?ÓXÍ	ÃaÊQÎ Å�Ê�¿9¾VÑBÊPÆ<Ä;¿IÊ2Ë,ËFÐ Ì;À,Å9Ã=¿<Ì;¾�¿9¾%Ì Á�ÀFÆ<È Ê2Ñ À,Ñ�È�¾�¿9¾EÑaÆ�Ñ�Ã?Ñ�Ë,À,Ñ�¾GÊ�¿p¿9¾EÅHÛ>Ã?Ñ�Å9¾?¹�õc¾�¿MÆ<¾\Ô
Î Ã0Ì;¾EË,Å À,Ñ�É�Ë,Ä�Ì;¾ Æ<È�¾ ¾�ö¡¾%ÉdÆ Ã=Í)ÅMÆ9¿9¾EÅ9Å Ã?Ñ ÅMÆ9¿9Ä�ÉdÆ<Ä;¿9¾ Ê2Ñ�Ì Æ<È�¾ Û�¿9Ã=ÛeÊ�Ï�ÊPÆ<À,Ã?Ñ Ã=ÍYÌ;¾�Í	¾%ÉdÆ<Å À,Ñ
Ì7¿MÐ Í	ÃaÊQÎ Å%¹ ¼�æ0Ä;ê%Ã?Ñ�Ã Ê2Ñ�Ì ß Ê%ÁiÊ2ÅIÊ�æ0À�Ö�º%¸&÷�Ø�ÅMÆ<Ä�Ì;À,¾%Ì Æ<È�¾ ¾�ö¡¾%ÉdÆ Ã=ÍÇíkÑ�ÀFÆ<¾ Å9È�¾GÊ�¿ ¿IÊPÆ<¾ Ü�Ð
Ê�Û�Û�¿9Ã�Ô;ÀAÎ ÊPÆ<À,Ñ;Ï Æ<È�¾ Í	Ã=¿<É�¾ Ã?Ñ ¾GÊQÉ�È ½&¾�¿MÆ<¾\Ô^Ó�Ê Æ<¾�¿<Î Á�È�ÀAÉ�È Ì;¾�Û>¾EÑ�Ì;Å Ã?Ñ Æ<È�¾ Ë,Ã0É�Ê2ËiÎ Ã�Ú
Æ<À,Ã?Ñ Ê2Ñ�Ì À,Å ÜeÊ2Å9¾%Ì Ã?Ñ Æ<È�¾ ÁpÃ=¿Hæ Ã=Í�ø0É�ÈaÁiÊ�¿MÆ9ê Ê2Ñ�Ì Â ¿9À,Ñ�É�¾EÑ Ö�º�òxîQØgÓSÊ2Ñ�Ì Û�¿9¾%Ì;ÀAÉdÆ<¾%Ì Æ<ÈBÊPÆ
¿9¾GÊ�¿H¿IÊ2Ñ;Ï�¾%Î ¾EÑaÆ<Å À,Ñ Ê Å9Ë,Ã�Á�ËFÐ Ì7¿9ÀF½&¾EÑ Í	ÃaÊQÎ ÈBÊ%½&¾ Ê Ü�¿9ÃaÊQÌ^Ó�Û>Ã�Áp¾�¿ ËbÊ%Á Ì;À,ÅMÆ9¿9ÀZÜ�Ä7Æ<À,Ã?Ñ Ã=Í
Ê%½=Ê2ËbÊ2Ñ�É�È�¾ Å9ÀZê%¾ ù�úEå ¾EÑ�¾�¿HÏ=Ð ¿9¾EË,¾GÊ2Å9¾?Ó Ê2Ñ�Ì Æ<ÈyÄ�Å ¾\Ô;È�ÀZÜ�ÀFÆ Å9¾EËZÍbÚ~Ã=¿HÏ�Ê2Ñ�ÀZê%¾%Ì É�¿9ÀFÆ<ÀAÉ�Ê2Ë,ÀFÆoÐ&¹ û¤Ã�Á�Ú
¾�½&¾�¿%Ó�À,Ñ ÊV½&¾�¿MÆ<¾\Ô Î Ã0Ì;¾EËóÓ?Æ<È�¾)ÁiÊ2Ë,Ë,Å ç íkËAÎ Å¶è�É�Ã?Ñ�Ñ�¾%ÉdÆ<À,Ñ;Ï Æ<È�¾)½&¾�¿MÆ<ÀAÉ�¾EÅ4ÊQÌ;ÀbÊ�ÜeÊPÆ<ÀAÉ�Ê2Ë,ËFÐ Í	Ã?Ë,Ë,Ã�Á
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ºG» ¼�½]¾À¿&¼�Á(¿&Â�Ã,½�Ä�Å�ÄQÆ�Ç�Ä�½5È É�Ê�Å�¼=ËdÅFÌ.¿�Ç�Â#Å(º=Í�Ä�»�ÎÐÏOÂ6Ç�¾"ÂJÍ9ÑÒ�» Ê�½5Ó�Ô ºÕÈ ¼�Ö�Â#Å×ÉE¾"Ô�Â;Ë�ºGÅ�Å�Ê¬ºEÇ�ÂSÊ�¾�Ç�ºGÄQÎ�Ô.¾
ºG»5Ö ÏOÂ6Ç�¾"Ä	Ó6Â#ÊØ¾7Ì�Ù5Ä	ÓÚºGÅ�ÅFÌ Ôiº�ÏOÂ ºEÇBÆ5ÄF¾�Ç�ºEÇ�Ì ºG»�Î�Å�Â#Ê�ÑÛÒ�» Â#Ê�Ê�Â#»5Ó6Â�É]¾"Ô�Â Ö�ÂRÏ1Ä(º�¾"Ä�¼�» ¼�Á!¾"Ô�Â ÏOÂ6Ç�¾"ÂJÍ
ºG»�Î�Å�Â#Ê;ÁÜÇ�¼�È ¾"Ô�ÂÝÂ�Ã,½�Ä�Å�ÄQÆ�Ç�Ä�½5È Ï�ºGÅ�½�ÂÐÇ�Â6Ù�Ç�Â#Ê�Â#».¾"ÊÞ¾"Ô�ÂÝÄ�».¾"Â6Î�Ç�º�¾"Â�Ö Ó6½�Ç�Ï�º�¾"½�Ç�ÂÝ¼�Á¤¾"Ô�ÂÐÆ5½�Æ�Æ5Å�Â
Ë�ºGÅ�Å�Ê�Ñàß Ù5½�Ç�ÂfÏOÂ6Ç�¾"ÂJÍ È ¼�Ö�Â#ÅiËdÄF¾"Ô Ê�¾�Ç�ºGÄQÎ�Ô.¾¢Ë�ºGÅ�Å�ÊØÖ�¼áÂ#ÊS»�¼)¾SÔiºG»5Ö�Å�Âmâ ãfÂRÏOÂ#».¾"ÊSÓ6¼�ÇBÇ�Â�Ó°¾"ÅFÌOÑ

ä ÂDºGÄQÇ�Â ºG»5Ö å¢¼�ÅF¾"¼�» æoã�ç�ç�èrÉ�Ä�» º Ó6Â#».¾"Â6Ç È ¼�Ö�Â#ÅaÆºGÊ�Â�Ö ¼�» é�¼�Ç�¼�»�¼�ÄdÇ�Â�Ó6¼�»�Ê�¾�Ç�½5Ó°¾"Ä�¼�»
ÁÜÇ�¼�È ¾"Ô�Â Æ5½�Æ�Æ5Å�Â Ó6Â#».¾"Â6Ç�Ê�ÉAºEÙ�Ù5Å�Ä�Â�Ö ÂJÍ1¾"Â#»�Ê�Ä�¼�»iºGÅÕÖ�Â6Á-¼�Ç"È º�¾"Ä�¼�» ºG»5Ö Ê�Ä	È Ù5Å�Â Ê�Ô�ÂDºEÇ ¾"¼ º
¾7ËS¼E¿êÖ�Ä	È Â#»�Ê�Ä�¼�»iºGÅdÁ-¼.º)È ºG»5Ö Ó6¼�»5Ó6Å�½5Ö�Â�Ö ¾"Ôiº�¾ Ê�¾�Ç�Â#Ê�Ê ºG»5Ö ¾"¼�Ù?¼�Å�¼�Î�Ä	ÓÚºGÅµÇ�ÂDºEÇBÇ�ºG»�Î�Â�È Â#».¾"Ê
ÓÚºG» Ä�»5Ö�½5Ó6Â ¼�Ç"Ö�Â6Ç�Ä�»�Î Ä�» º Ö�Ä�Ê�¼�Ç"Ö�Â6Ç�Â�Ö Á-¼.º)È ÑªëAÊ�Ä�»�Î º Ê�Ä	È Ä�Å(ºEÇdÈ ¼�Ö�Â#Å×É ä ÂDºGÄQÇ�Â ºG»5Ö ìA½]¾À¿
í Å�Â6Ç æoã=îGï�è¤ºGÅ�Ê�¼ Á-¼�½�»5Ö ¾"Ôiº�¾H¼�»�ÅFÌ Ä�» ¾"Ô�ÂÕËSÂR¾SÁ-¼.º)È Å�Ä	È ÄF¾ØÖ�¼ Á-¼.º)È Ç�ÂDºEÇBÇ�ºG»�Î�Â�È Â#».¾"ÊªÁ-¼�Å�Å�¼=Ë
º Ù?¼=ËSÂ6Ç Å(º�Ë Ñ ðÕ½�Ç�Ä(ºG»cñ:Ê æoã�ç.îDèÛÓ6Â#».¾"Â6Ç È ¼�Ö�Â#Å×Éc¾�Ç�ÂDº�¾"Ä�»�Î Æ5½�Æ�Æ5Å�Â#Ê ºGÊ Ö�Ä�ÊBò�Ê Ó6¼�»�»�Â�Ó°¾"Â�Ö Æ,Ì
ÊBÙ�Ç�Ä�»�Î�Ê�ÉÈ ÂDºGÊ�½�Ç�Â�Ö ¾"Ô�Â Å�Ä�»�ÂDºEÇ Ç�Ô�Â#¼�Å�¼�Î�Ä	ÓÚºGÅ¬Ù�Ç�¼�Ù?Â6Ç�¾"Ä�Â#Ê ºGÊ º Á-½�»5Ó°¾"Ä�¼�» ¼�ÁSÙ?¼�ÅFÌ]Ö�Ä�ÊBÙ?Â6Ç�Ê�ÄF¾7Ì
ºG»5Ö Å�Ä	Ã,½�Ä	Ö ÁÜÇ�º)Ó°¾"Ä�¼�»cÑ4ìAÂÝÁ-¼�½�»5Ö Ê�Ä	È Ä�Å(ºEÇHÖ�Ä�Ê�¾�Ç�ÄQÆ5½]¾"Ä�¼�»�ÊHÁ-¼�ÇS¾"Ô�Â º�Ï�ºGÅ(ºG»5Ó�Ô�ÂJ¿&Å�ÄQò�ÂÕÇ�ÂDºEÇBÇ�ºG»�Î�ÂJ¿
È Â#».¾"ÊËdÄF¾"Ô ºÐÔ�ÄQÎ�Ô ÁÜÇ�Â�Ã,½�Â#»5Ó°Ì Ó6½]¾"¼)óàÑ*å¢½]¾¬Ä�» Ê�½5Ó�Ô Ó6Â#».¾"Â6Ç4È ¼�Ö�Â#Å�Ê�É)¾"Ô�Â�Ó6¼�Ô�Â6Ç�Â#»5Ó6ÂØÅ�Â#»�Î�¾"Ô
¼�Á¤º Æ5½�Æ�Æ5Å�ÂµÄ�Ê¢Ó6¼�È ÙºEÇ�ºEÆ5Å�ÂH¾"¼ ÄF¾"Ê¢Ö�Ä(º)È ÂR¾"Â6Ç�Ñ4ôÞ¼�».¾�º)Ó°¾ÞºG»�Î�Å�Â#Ê;ºEÇ�ÂAÓ6¼�ÇBÇ�Â�Ó°¾;º�¾ªÂ�Ã,½�Ä�Å�ÄQÆ�Ç�Ä�½5È
Æ5½]¾ ºEÙ�Ù�Ç�¼.º)Ó�Ô ºG»5Ö Ç�Â�È ºGÄ�» »�ÂDºEÇ ï�õ�ö Ö�½�Ç�Ä�»�Î º â ã ÂRÏOÂ#».¾ÚÉ9Ê�Ä�»5Ó6Â ¾"Ô�Â Ó6Â#».¾"Â6Ç�Ê ºEÇ�Â Â#Ê�Ê�Â#»�¿
¾"Ä(ºGÅ�ÅFÌ ½�»�Ä�»]÷3½�Â#»5Ó6Â�Ö Æ,Ì ¾"¼�Ù?¼�Å�¼�Î�Ä	ÓÚºGÅàÖ�ÂR¾�ºGÄ�Å�ÊmÊ�½5Ó�Ô ºGÊÕ¾"Ô�Â Ö�ÄFóøÂ6Ç�Â#»5Ó6Â Æ?ÂR¾7ËSÂ#Â#» º Á-¼�½�ÇBÁ-¼�Å	Ö
ÏOÂ6Ç�¾"ÂJÍ ºG»5Ö º ÙºGÄQÇa¼�Áù¾"Ô�Ç�Â#ÂJ¿�Á-¼�Å	Ö ÏOÂ6Ç�¾"Ä	Ó6Â#Ê�Ñ

ß Á-½�Ç�¾"Ô�Â6Ç Ù�Ç�¼�Æ5Å�Â�È ËdÄF¾"Ô Æ?¼)¾"Ô ÏOÂ6Ç�¾"ÂJÍ ºG»5Ö Ó6Â#».¾"Â6Ç È ¼�Ö�Â#Å�Ê Ä�Ê ¾"Ôiº�¾m¾"Ô�ÂRÌ Ö�¼ »�¼)¾ Ö�Äú¿
Ç�Â�Ó°¾"ÅFÌ Ó6¼�½�».¾Ðâ ã ÂRÏOÂ#».¾"Ê�ÑdÒ�»�Ê�¾"ÂDº)Ö9Éi¾"Ô�ÂRÌ È ÂDºGÊ�½�Ç�Â ¾"Ô�Â Ê�Ä í Â ¼�ÁûÇ�ÂDºEÇBÇ�ºG»�Î�Â�È Â#».¾AÂRÏOÂ#».¾"ÊdÆ,Ì
¾"Ô�Â ºGÊ�Ê�¼�Ó6Ä(º�¾"Â�Ö Ö�Â�ÓRÇ�ÂDºGÊ�Â#Ê Ä�» Â#»�Â6ÇBÎ�ÌOÑ ßfÊ ËSÂ ËdÄ�Å�Å�Ö�Ä�Ê"Ó6½�Ê�Ê Å(º�¾"Â6Ç�É4¾"Ô�Â Â#»�Â6ÇBÎ�Ì Ö�Â�ÓRÇ�ÂDºGÊ�Â
Ä�Ê »�¼)¾ Ö�ÄQÇ�Â�Ó°¾"ÅFÌ Ù�Ç�¼�Ù?¼�Ç�¾"Ä�¼�»iºGÅ*¾"¼ ¾"Ô�Â »á½5È Æ?Â6Ç ¼�Á;â ã ÂRÏOÂ#».¾"Ê�Ñ âHÔ�Â Ó6¼�ÇBÇ�Â#Å(º�¾"Ä�¼�» Æ?ÂR¾7ËSÂ#Â#»
Â#»�Â6ÇBÎ�Ì Ö�Â�ÓRÇ�ÂDºGÊ�Â#Ê ü^È º)ÓRÇ�¼�Ê"Ó6¼�Ù5Ä	Ó=ýÕºG»5Ö â ã Ö1Ì1»iº)È Ä	Ó6Ê ü^È Ä	ÓRÇ�¼�Ê"Ó6¼�Ù5Ä	Ó=ýµÄ�Ê Â#Ê�Ê�Â#».¾"Ä(ºGÅû¾"¼ ½�»�¿
Ö�Â6Ç�Ê�¾�ºG»5Ö�Ä�»�Î Á-¼.º)È Ç�Ô�Â#¼�Å�¼�Î�ÌOÑ
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T UWV/XZY4[-X]\�U_^*Ua`JX]U�b c�dfe�ghUWgidjghU�caY,V�k5lmY4`]k�Ua`n^4d�`hopdPX]oqY,V Y4[�X]\�Urghe�`I[sd	caU_UWV�Ua`It4u*vxw(\�oqyqUzk�e�`hoqV�t
d { | U�^*UWV/XNX]\�U UWV�Ua`It4u T e�gJX(^4d�`Ju T d	c�`hY,g]caY4}�o!c�dfyqy�u Y%^*Ua`;d g]T dfyqy�~�e-X���V�o�X]U caY,\�Ua`hUWV�caU
yqUWV�t4X]\2v5X�u+}�o!c�dfyqy�u X]\�U;`ho7t o!k�o�X�u yqUWV�t4X]\ Y4[�d ~�e�~�~�yqU,����V Y,e�`�gho!T e�ypdPX]oqY,V�g�v-d ~�e�~�~�yqU3e�V�k�Ua`
gJXh`hUWghg�c�dfV ~�URgJXh`hU�X�c�\�U�k Y4`�caY T }�`hUWghghU�k e�} X]Y �,�/� Y4[no�X]g�Y4`ho7t oqV�dfy�yqUWV�t4X]\2v5w(o�X]\ o�X]g�d�`hU1d
caY,V�ghUa`J^*U�k��

��V Y,e�` U�b�X]UWV�k�U�k ypd�`It U�l=� ��Y	XIX]g T Y+k�UWy>v���y!T g d�`hU [�`hUWU X]Y ��e�c�X]e�dPX]U,v�w(\�o!c�\ oqg V�Y	X
Xh`he�U oqV ^*Ua`JX]U�b T Y+k�UWyqg���X]\�U caY,V/X�d	c�X�dfV�t yqUWg�k�e�`hoqV�t X]\�U { | U�^*UWV/X;d�`hU caY4`I`hU�c�X�v�w(\�o!c�\ oqg
V�Y	X�Xh`he�UjoqV caUWV/X]Ua`�T Y+k�UWyqg����;e�`�T Y+k�UWy�c�dfV dfyqghY }�`hY%^�o!k�U�oqV�[�Y4`]T dPX]oqY,V d�~�Y,e-X_oqV�k�o�^�o!k�e�dfy
{ |�U�^*UWV/X]g�dfgzw�UWyqy�dfg�d�^*Ua`�d�t U�k T d	c�`hY,g]caY4}�o!c�T U1dfghe�`hUWgzghe�c�\ dfgzX]Y	X�dfy�~�Y,e�V�k�d�`Ju yqUWV�t4X]\2v
w(\�o!c�\ Y	�MUa`hgnV�U�w oqV�gho7t \/X]g oqV/X]Y�X]\�UrcaY,V�V�U�c�X]oqY,V ~�U�X�w�UWUWV [�Y/d	T gJXh`he�c�X]e�`hUzdfV�k T U�c�\�dfV�o!c�dfy
`hUWgI}�Y,V�ghU,�

¡ Ua[�Y4`hU�k�UWg]c�`ho7~�oqV�t X]\�U;k�U�X�dfoqyqgzY4[¢X]\�UR��Y	XIX]gzT Y+k�UWy>v*w�U�Y,e�t \/XrX]Y T UWV/X]oqY,V o�X]gzyqo!T o�X�d%l
X]oqY,V�g���£Roqg]caY,gho�X�u oqgrY,V�U�Y4[MX]\�UN~¤dfgho!c(}�\/u�gho!c�dfy�}�`hY4}�Ua`JX]oqUWgrY4[¢[�Y/d	T ¥¦~�Y	X]\ yqo!§¨e�o!k ^�oqg]caY,gho�X�u
dfV�k U��MU�c�X]o�^*U [�Y/d	T ^�oqg]caY,gho�X�u�©�v ~�e-X o�X oqg V�Y	X U1dfghoqy�u k�U���V�U�k oqV X]\�U ��Y	XIX]g T Y+k�UWy>� ª�y«l
X]\�Y,e�t \ X]\�U U��MU�c�X]o�^*U¬^�oqg]caY,gho�X�u dfV�k X]\�U3^�oqg]caY5UWypdfgJX]o!cao�X�u Y4[Z��y!T g(c�dfV ~�U U�b�Xh`�d	c�X]U�k [�`hY T
gho!T e�ypdPX]oqY,V�grdfV�k w�U(e�V�k�Ua`hgJX�dfV�k X]\�U�§¨e�dfyqo�X�dPX]o�^*U(U��MU�c�X]g_Y4[M}¤d�`�d	T U�X]Ua`hg'Y,V ^�oqg]caY,gho�X�u*v,w�U
k�Y¬V�Y	Xu*U�X:\�d�^*U�dfV U�b-}�yqo!cao�X�`hUWypdPX]oqY,V�gh\�o7} ~�U�X�w�UWUWV X]\�U�T Y+k�UWy5}¤d�`�d	T U�X]Ua`hg:dfV�k ^�oqg]caY,gho�X�u*�
ª;k�®Ge�gJX]oqV�t X]\�oqg }�`hY4}�Ua`JX�u §¨e�dfV/X]o�X�dPX]o�^*UWy�u oqV Y,e�` T Y+k�UWy_oqg V�Y,V/Xh`ho�^�opdfy>� ª�V�Y	X]\�Ua` k-`�d�w�l
~¤d	c�¯ oqg�X]\�dPX�X]\�U ° U�Xh`hY4}�Y,yqoqgNdfy7t Y4`ho�X]\�T `hUWghe�y�X]g�oqV e�V�caUa`JX�dfoqV/X]oqUWg�oqV X]\�U3`hUWypdPX]o�^*URX]o!T oqV�t
Y4[?U�^*UWV/X]g Y,V X]\�U Y4`]k�Ua` Y4[�d [�U�w }�Ua`]caUWV/X Y4[�d ° Y,V/X]U ±�d�`hyqY gJX]Ua}�� ² \�oqyqU X]\�oqg e�V�caUa`Gl
X�dfoqV/X�u oqg�oqV�gho7t V�o���c�dfV/X�[�Y4`zw�UWyqy³ghUa}¤d�`�dPX]U�k U�^*UWV/X]g�v+o�X�c�dfV c�\�dfV�t U�X]\�U3T U1dfghe�`hU�k oqV/X]Ua`J^4dfy
~�U�X�w�UWUWV [�`hU�§¨e�UWV/XjU�^*UWV/X]g�v�UWgI}�U�caopdfyqy�u w(\�UWV caY T }�e-X]oqV�t X]\�U gho7´�U Y4[�{ | d�^4dfypdfV�c�\�UWg��

{ Y�[�Y+cae�gµY,V gh\�U1d�`µk-`ho�^*UWV3X]Y4}�Y,yqY4t o!c�dfy	`hU1d�`I`�dfV�t U�T UWV/X]g�v�w�U:}�`hY,\�o7~�o�Xn[�Y/d	T caY/d�`hghUWV�oqV�t
~¨u d�}�}�y�u�oqV�t dfV d�`hU1d caY,V�gJXh`�dfoqV/X Y,V oqV�k�o�^�o!k�e�dfy?~�e�~�~�yqUWg ¥¶ghUWU ±z\�d�}�X]Ua` · [�Y4` k�U�X�dfoqyqU�k
k�oqg]cae�ghghoqY,V�g�Y4[�X]\�U d�`hU1d caY,V�gJXh`�dfoqV/X�©��:��V }�`�d	c�X]o!c�dfy¢d�}�}�yqo!c�dPX]oqY,V�g�v+[�Y/d	T k�Ua[�Y4`]T dPX]oqY,V dfV�k
`hU1d�`I`�dfV�t U�T UWV/X e�V�k�Ua` gJXh`hUWghg oqg Y4[¸X]UWV T e�c�\ [sdfgJX]Ua` X]\�dfV t¨dfg k�o��Me�ghoqY,V2v_ghY V�Uat yqU�c�X]oqV�t
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4PORQTS�6
UWVYXHZ7X *10\[�]_^ VYX `ba ced [f^hgei X jlk ^ VYX ]m^ Zn` [�o p Xqd i ` oei 2 4�576r[�] ` k gYoes3^h[ j o jlk ^h[ a X Qutvo ^ VYX
j ^ VYXHZwVx` oeizyR^ VYX s VYj [{s X y

* + |}8 : 2 4�576
N

4PORQ�~�6
s jlZ�Z7X ] c�j oeiR];^ j�`�cYcedf� [�oR�\�eg d�� ] VYX�`�Z}U [f^ V ] VYX�`�Z}Zn` ^ X |uQ�� VYX s jlZ�Z7X ] c�j oeiR[�oR� X���c�XHZ [ a X o�^
U�j g d i � X ^ Zn`�cYc [�oR��^ VYX�k�j�`ba � X ^ U�XqX o ^ U�j�c�`�Zn`�d�d�Xqd�ced�` ^ X ] ` oei Z7j ^ ` ^h[�oR��^ VYX�ced�` ^ X ] U [f^ V
Z7X ] c�X s3^ ^ j ` p �RX i c�j [�o�^ U [f^ V o j�� ] d [ c X i�� X � j gYoei `�Zm� s j oeiR[f^h[ j oY](Q ��o `�d�d�j g Z ]m^hgeiR[ X ]
U�X gY] X 2 4�576�+ < k�jlZ ]m^ X�` i � ] VYX�`�Z y ` oei 2 4�576�+ ]7[�o�4P�}576 k�jlZ�c�XHZ [ j iR[{s ] VYX�`�Z Q ��[�oes X k�jlZ
]m^ X�` i � ] VYX�`�Z yR^ VYX ]m^ Zn` [�o [�] ` s j oY]m^ ` o�^_^h[ a X ]_^h[ a X y�� *�4m< =   6¡5�yF]m^ Z7X ]7] � ^h[ a X�ced�j ^h] `�Z7X
X(¢ gY[f£ `�d�X o�^_^ j ]m^ Z7X ]7] � ]m^ Zn` [�o sHg Z £ X ](Q

¤ ��c�XHZ [ a X o�^ `�d�df� y�^ VYXwa X s Vx` oY[{s `�d�Z7X ] c�j oY] X y¥[�oes d geiR[�oR� � [ Xqd i ]m^ Zn` [�o¦yb^ VYX_Xqd�` ]m^h[{s a j i �
g d [Py ` oei ^ jlc�j§d�j �¥[{s `�d¨Z7X�`�Z�Zn` oR� X(a X o�^h](y�[�]w] X oY]7[f^h[f£ X ^ j ^ VYX d [ ¢ gY[{i £ j§d g a X�k%Zn` s3^h[ j o ©ª<(S¬«�®Q
¤ ] c�X sH[ `�d�df� y¦^ VYX ]7[ a g d�` ^h[ j o Z7X ]7g d ^h] jlk � j ^ V ¯ X�` [ Z7X ©ª<(O§O� ` oei °vg Z [ ` o ©ª<(O�±�²] VYj�U�X i `
s Z [f^h[{s `�d�d [ ¢ gY[{i k%Zn` s3^h[ j o ` ^ UWV [{s V ^ VYX³k�j�`ba gYoei XHZ � j�X ] ` ´µa Xqd ^h[�oR�W^ Zn` oY]7[f^h[ j o¦Q·¶ ¸ j�U�X £ XHZ y
`�d ^ VYj gR� V iR[f¹ XHZ7X o�^ d [ ¢ gY[{i s j o�^ X o�^ ` oei i Zn` [�o ` � XKX ¹ X s3^h]³s ` o � XKZ7X�` iR[ df� [�oes jlZ�c�jlZn` ^ X i [�o
^ VYX º»j ^�^h] a j i Xqd ©ª<(S¬¼�®y U�X s j oY]7[{i XHZwj o df� ^ VYX i Zm� k�j�`ba d [ a [f^	Q

¯ X gY] X ` c�XHZ [ j iR[{s�� j gYoei `�Zm� s j oeiR[f^h[ j o [�o ^ VYX ½¾ iR[ Z7X s3^h[ j o¦y�^ VYX iR[ Z7X s3^h[ j o jlk ]m^ Zn` [�o¦y
^ j a [f^h[�� ` ^ X pFoY[f^ X ]7[�¿ X X ¹ X s3^h](y ` oei ` o j��®À g � � j gYoei `�Zm� s j oeiR[f^h[ j o [�o ^ VYX ½8 iR[ Z7X s3^h[ j o¦Q
Á d�dxj g ZuZ gYoY]ÂgY] Xv`�k�j g Z ^ V o X�`�Z7X ]m^³o X [�� V � jlZ [�o�^ XHZn` s3^h[ j o j o ` ] ¢ g `�Z7XWd�` ^�^h[{s X y UWV [{s V Vx` ]
` d�` ^�^h[{s X ` oY[�] j ^ Z7jlc1� jlk <lQ B SRy�£ XHZm� s d�j ] X ^ j ` o [�] j ^ Z7jlc [{s ]7[f^hg ` ^h[ j o¦Q

Ã jlZÄjlZ i XHZ7X i k�j�`ba ]\gYoei XHZ � j gYoei `�Zm� ] VYX�`�Z y U�X gY] X ` ~ B§B Å < B§B d�` ^�^h[{s X U [f^ V X�` s V
�egR�Y� d�X s j o�^ ` [�oY[�oR� ¼ B Å ¼ B d�` ^�^h[{s X ]7[f^ X ](Q Ã jlZ jlZ i XHZ7X i k�j�`ba ] gYoei XHZ �eg d�� ] VYX�`�Z y U�X
gY] X ` ¼§«bO Å ¼§«bO d�` ^�^h[{s X U [f^ V <(O Å <(O ]7[f^ X ] k�jlZ X�` s V �egR�Y� d�X Q ¯ VYX o gYoY]m^ Z7X ]7] X izy `�d�d

<§<(S



ÆhÇYÈWÉeÊRÉYÉeË�ÈqÌ�Í�Î7ÈKÇYÈ�ÏFÍ�Ð¥Ñ§ÒYÌ(Ó¬È�ÏYÔHÈHÕRÆ³Ö�ÑlÎ�ÆhÇYÑ§Ì7È�ÆhÑ§ÊeÔ×ÇYØ�ÒRÐ ÆhÇYÈ�ÆhÑlÕ Í�ÒeÙ É�ÑbÆ�ÆhÑ¥Ú É�Ñ§ÊYÒeÙFÍ�Î7Ø�ÈqÌ
Û ÇYØ{Ô×Ç Í�Î7È Æ7Î7ÊYÒeÔ	Í�ÆhÈ(ÙzÓ Û ØfÆhÇ Ö�Ñ§ÊRÎ�Ì7Ø{ÙRÈqÌ Ø�Ò ÆhÇYÈ ÉeÊYË�Ü�Ý Þ�Ò ÆhÇYÈ Ô	Í�Ì7È ÑlÖÂÙRØ�Ì7ÑlÎhÙRÈHÎ7È(Ù Ö�Ñ�ÍbÚ Ì(Ó
Û È�ÊYÌ7È�Í ß§àbá â ß§àbá Ë�Í�Æ�ÆhØ{ÔHÈ Û ØfÆhÇ ãlÍ�Î7Ø�Ñ§ÊYÌ�Í�Î7È�Í ÙRØ�ÌmÆ7Î7Ø�ÉeÊ�ÆhØ�Ñ§ÒYÌ(Ý»ä ÈvÇxÍ(ã¬ÈKÆ7Î7Ø�È(Ù Í Ö�È Û Î7ÊYÒYÌ
ÊYÌ7Ø�ÒRÐ Í Ë�Í�Æ�ÆhØ{ÔHÈ�ÑlÖ}Ì7Ø�å(È æ(ç¬ß�è â æ(ç¬ß�è Û ØfÆhÇ á�è â á�è ÉeÊRÉYÉeË�ÈqÌ(Ý�é_ÇYÈ�Î7ÈqÌ7ÊYËfÆhÌ�ÙRØ{Ù ÒYÑbÆwÍ�ÕYÕ�È�Í�Î
ÆhÑ ÙRØfê¨ÈHÎ(Ý

é_ÇYÈKÆhÑlÕ�Ñ§Ë�ÑlÐ¥Ø{Ô	Í�Ë�Í�ÒeÙ Í�Î7È�Í ÙRØ�ÌmÆ7Î7Ø�ÉeÊ�ÆhØ�Ñ§ÒYÌ�Ô×ÇxÍ�ÎnÍbÔ3ÆhÈHÎ7Ø�å(È�ÆhÇYÈ\Ö�Ñ�ÍbÚ ÙRØ�Ì7ÑlÎhÙRÈHÎ(Ýuë�Ø�ÒeÔHÈKÆhÇYÈ
ÉeÊRÉYÉeË�È Í�Î7È�Í�Ì Í�Î7È ÔHÑ§ÒYÌmÆ7ÎnÍ�Ø�ÒYÈ(ÙzÓ»ÆhÇYÈ È�ã¬Ñ§Ë�Ê�ÆhØ�Ñ§Ò ÑlÖ_ÆhÇYÈ Í�Î7È�Í ÙRØ�ÌmÆ7Î7Ø�ÉeÊ�ÆhØ�Ñ§Ò Ø�Ì ÒYÑbÆ ÊYÌ7ÈHÖ�ÊYËPÝ
ä ÈvÊYÌ7È Í ãlÍ�Î7Ø�È�Æíì ÑlÖ�ÙRØ�Ì7ÑlÎhÙRÈHÎ7È(Ù ÌnÍbÚ ÕeË�ÈqÌ Û ØfÆhÇ ÙRØfê¨ÈHÎ7ÈqÒ�Æ_ÙRØ�ÌmÆ7Î7Ø�ÉeÊ�ÆhØ�Ñ§ÒYÌ_Ô×ÇxÍ�ÎnÍbÔ3ÆhÈHÎ7Ø�å(È(Ù É1ì
îzï�ðòñ�ó Í�ÒeÙ îzïôðPõ�ó Ý

Þ�Ò ÕYÎnÍbÔ3ÆhØ{ÔHÈ§Ó Û È�Ð¥ÈqÒYÈHÎnÍ�ÆhÈvÆhÇYÈ Ø�ÒYØfÆhØ�Í�Ë;ÔHÑ§Ò�öeÐ¥ÊRÎnÍ�ÆhØ�Ñ§Ò É1ì Õ�Í�ÎmÆhØfÆhØ�Ñ§ÒYØ�ÒRÐ ÆhÇYÈ Ë�Í�Æ�ÆhØ{ÔHÈ Ø�Ò�ÆhÑ
È(÷1ÊxÍ�ËøÌ7Ø�å(È(Ù Ìh÷1ÊxÍ�Î7È ÙRÑ¥Ú Í�Ø�ÒYÌ(Ó¨È�ÍbÔ×Ç ÔHÑ§Ò�Æ×Í�Ø�ÒYØ�ÒRÐ æ(á â æ(á Ë�Í�Æ�ÆhØ{ÔHÈ Ì7ØfÆhÈqÌ(Ý é_ÇYÈ Ìh÷1ÊxÍ�Î7ÈqÌ Í�Î7È
Ñbê¨Ì7È�Æ Ø�Ò È�ã¬ÈHÎmì ÑbÆhÇYÈHÎ Î7Ñ Û Ó�Ì7Ñ ÆhÇYÈ Õ�Í�Æ�ÆhÈHÎ7Ò Î7ÈqÌ7È(Ú ÉeË�ÈqÌ Í ÉYÎ7Ø{ÔnÜ Û Í�Ë�ËPÝ ä È ÆhÇYÈqÒ Î7ÊYÒ ÆhÇYÈ
Ì7Ø{Ú ÊYË�Í�ÆhØ�Ñ§Ò Û ØfÆhÇ Í�Î7È�Í ÔHÑ§ÒYÌmÆ7ÎnÍ�Ø�Ò�ÆhÌWÉeÊ�Æ Û ØfÆhÇYÑ§Ê�Æ�ÌmÆ7ÎnÍ�Ø�Ò Í�ÆWöFÒYØfÆhÈ ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7È Ö�ÑlÎvÍ Ö�È Û
ù Ñ§Ò�ÆhÈ_ú�Í�Î7Ë�Ñ�ÌmÆhÈHÕeÌ(Ó¥Í�ÒeÙ ÆhÇYÈqÒ ÙRÈ(Ô�Î7È�Í�Ì7ÈuÆhÇYÈ³ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7ÈuÆhÑ\å(ÈHÎ7Ñ�Í�ÒeÙ Ë�È�ÆøÆhÇYÈrÕ�Í�Æ�ÆhÈHÎ7Ò Î7È�û
Ë�Í�ÏzÝ»é_ÇYÈ�Ú Ø�ÒYØ{Ú Ø�å�Í�ÆhØ�Ñ§Ò ÑlÖeÆhÑbÆ×Í�Ë�Ì7ÊRÎ�ÖüÍbÔHÈÈqÒYÈHÎ�Ðlì ð Í�ÒeÙ ÇYÈqÒeÔHÈrÆhÇYÈÆhÑbÆ×Í�Ë�É�Ñ§ÊYÒeÙFÍ�Îmì Ë�ÈqÒRÐlÆhÇ ó
Î7ÈqÌ7ÊYËfÆhÌ Ø�Ò Í ÇYÈ�ÏFÍ�Ð¥Ñ§ÒxÍ�Ë�Õ�Í�Æ�ÆhÈHÎ7Ò¦ÓzÆhÇYÈ Ø�ÒYØfÆhØ�Í�ËýÔHÑ§Ò�öeÐ¥ÊRÎnÍ�ÆhØ�Ñ§Ò Ö�ÑlÎ�ÆhÇYÈ ÑlÎhÙRÈHÎ7È(Ù Ö�Ñ�ÍbÚ Ý þeÑlÎ
ÙRØ�Ì7ÑlÎhÙRÈHÎ7È(Ù Ø�ÒYØfÆhØ�Í�ËzÔHÑ§Ò�öeÐ¥ÊRÎnÍ�ÆhØ�Ñ§ÒYÌ(Ó Û È�ÔHÑ§Ò�ÆhØ�Ò�ÊYÈvÆhÑ È�ã¬Ñ§Ëfã¬È\ÆhÇYÈ�ÇYÈ�ÏFÍ�Ð¥Ñ§ÒxÍ�Ë�Õ�Í�Æ�ÆhÈHÎ7Ò Û ØfÆhÇ�û
Ñ§Ê�ÆWÍ�Î7È�Í ÔHÑ§ÒYÌmÆ7ÎnÍ�Ø�Ò�ÆhÌwÍ�Æ�öFÒYØfÆhÈÄÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7ÈÄÌ7Ñ ÆhÇxÍ�Æ�ÆhÇYÈÄÉeÊRÉYÉeË�ÈqÌ�ÔHÑ�Í�Î7Ì7ÈqÒ¦Ýøä È�Ú Ñ§ÒYØfÆhÑlÎ
îzï�ðòñ�ó ÑlÖ�ÆhÇYÈ È�ã¬Ñ§Ëfã�Ø�ÒRÐ Õ�Í�Æ�ÆhÈHÎ7Ò¦ÓFÍ�ÒeÙ ÌmÆhÑlÕ ÆhÇYÈ È�ã¬Ñ§Ë�Ê�ÆhØ�Ñ§Ò Í�ÆKÍ�Ò�ì ÙRÈqÌ7Ø�Î7È(Ù ÙRØ�ÌmÆ7Î7Ø�ÉeÊ�ÆhØ�Ñ§Ò ÑlÎ
ÌmÆ7Î7ÊeÔ3ÆhÊRÎnÍ�ËÿÙRØ�Ì7ÑlÎhÙRÈHÎ(Ó1ÆhÇYÈqÒ Î7ÈqË�Í�Ï ÆhÇYÈ\Õ�Í�Æ�ÆhÈHÎ7Ò Í�ÆÂå(ÈHÎ7Ñ ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7È Û ØfÆhÇ Í�Î7È�Í ÔHÑ§ÒYÌmÆ7ÎnÍ�Ø�Ò�Æ
ÆhÑ Ð¥ÊxÍ�ÎnÍ�Ò�ÆhÈqÈ ÆhÇxÍ�Æ Í�Ë�ËWÑ§ÊRÎ Ø�ÒYØfÆhØ�Í�ËKÕ�Í�Æ�ÆhÈHÎ7ÒYÌ ÇxÍ(ã¬È È(÷1ÊYØ�Ë�Ø�ÉYÎnÍ�ÆhÈ(ÙzÓ�������� Û ØfÆhÇYÑ§Ê�Æ ÍbÙYÙRØ�ÒRÐ
È�Ï�ÆhÈHÎ7ÒxÍ�ËzÌmÆ7ÎnÍ�Ø�Ò ÑlÎwÌmÆ7Î7ÈqÌ7Ì(Ó�ÆhÇYÈ ÉeÊRÉYÉeË�ÈqÌ Û Ñ§ÊYË{Ù ÒYÑbÆKÙRÈHÖ�ÑlÎhÚ ÑlÎ_Î7È�Í�Î�ÎnÍ�ÒRÐ¥È§Ý

þeÑlÎ Í�Ë�Ë Ñ§ÊRÎ Ì7Ø{Ú ÊYË�Í�ÆhØ�Ñ§ÒYÌ(Ó�� 	 ælÓ Í�ÒeÙ 
��� 	 �RÓ;ÊYÒYË�ÈqÌ7Ì ÒYÑbÆhÈ(ÙzÝ ��Ë�Ë@ÆhÇYÈ Ì7Ø{Ú ÊYË�Í�ÆhØ�Ñ§ÒYÌ
Ì7ÇYÑ Û Ò Í�Î7È Î7ÊYÒ Í�Æ å(ÈHÎ7Ñ ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7È È�ÏYÔHÈHÕRÆ Û ÇYÈqÒ Û È ÌmÆhÊeÙ�ì ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7È È�ê¨È(Ô3ÆhÌ Ñ§Ò
Ç�ì�ÌmÆhÈHÎ7ÈqÌ7Ø�Ì(Ý�þøØ�ÒYØfÆhÈ�ÆhÈ(Ú Õ�ÈHÎnÍ�ÆhÊRÎ7ÈýÌ�Õ�ÈqÈ(ÙRÌ;ÆhÇYÈ²Ì7Ø{Ú ÊYË�Í�ÆhØ�Ñ§ÒYÌ(Ó�ÉeÊ�Æ�ÙRÑ�ÈqÌ�ÒYÑbÆ»Í�ÕYÕ�È�Í�Î;ÆhÑWÔ×ÇxÍ�ÒRÐ¥È
ÆhÇYÈ Î7ÈqÌ7ÊYËfÆhÌW÷1ÊxÍ�Ë�ØfÆ×Í�ÆhØfã¬ÈqËfì¬Ý

æ§æ�è



� � ������� � ������� �! "#���%$�&(')�!*+�  ��!* �,�.-/& '102'#'1���43 5 -/&6�7"2$�� ��" �8&#� "#���%$�&(')�!* �������
��"192�:-��;�8��� � �8�!�)�4���!$��:-��7�<-/&6�7"2$��4=)>?&#�:-/&@=A�+��"1-�� '102'#'1����� 92� "#�.� 92���B�C�#�)�,�C*D=A&6�7�E�8� ')� �
F G �IHJ��"K��3
L 3NM OQPR���8��*+���+���

S1�K�.T UV�W> ��"KHJ�4�XHJ���Y� -��4�����D-Z�8���4" �! ['102'#'1�����\*+�,�C*]*B�7"2$���"2$  ^*+��T �4"#�ET �I�/�7���/�C'1���_-��4"a`
b $�02*B�;�8���4" �8� �7"#�.�8&#��*D3 F &#� -��4" b $�02*B�;�8���4"#�Y�8&#��*+�� ��!*+� �C*+�c�:T �)�!*��/�7"K�d��" 0#"192��*+���/�7"192��"2$
�8&#� UV�W> ')��&6�DHR���!*D3 ef��"1-��  ��K�.T � �C*+� "#�4"a`g�Dh(0#�����%'#*+��01T =i�8&#�IP -��7" ���8�:-B� ��" T �I�/�7���/�C'1���
-��4" b $�02*B�;�8���4"#�  ��!* � ���4"2$ �8�:T � 0#"#�����+� �)��*��802*]')�D9[3 � � ���8019RP �8&#� T �I�/�7���/�C'1�����X�jP '(P
&KPR���8��*+���+���QT �,�7�+02*+�DT ��"K��3

OQPR���8��*+���+��� ��� k]� *+�I�/�C*89V�;�8���4" �! Q�8&#� �Ilm�D-Z� >?&#��" �8&#�  ��!*8-���� �.-Z�8��"2$ 02�)�4" � ')�a9RP
�C*+� -/&6�7"2$��D9 n��7� �% _ ^*+��T HR���8-��4�+�X�jP �!* ��"K�8��*+"6�7�Y ^*+�:-Z�8���4"porq srtvu@w:x � �y�C$4$���"2$ ��" �8&#� H!�7�z`
0#��� �! {*+���+0#�X�8��"2$ T �C$�"#�I�8�%|W�;�8���4" ��" � T �C$�"#�I�8�:- T �;�8��*+�y�7�dn��7� �%*+�4"poE920#� �8� � -/&6�7"2$���"2$
T �C$�"#�I�8�%|D��"2$  ��!*8-��43�} n^� ��'1���8��*ror3~OQPR���8��*+���+���Y�a-�-�02*+�\>?&#��" �8&#�����C*B�.T �I�8��*+��&6�DHJ� � "#�4"a`
����"#�,�C*��7"19 92���y�DPJ�D9 *+���]�)�4"#�+�\�8� ��-/&6�7"2$���"2$ ���R�8��*+"6�7� b ���:9[=4*+���+0#�X�8��"2$ ��" T �DT �!*�P �Ilm�D-Z�8�D3
OQPR���8��*+���+����-���T T �4"#�XP �C�#�)�,�C*+����" ��PR���8�DT �Q>?�X�8& T �7"KP T �I�/�7���/�C'1��� ���/�;�8����920#� �8� n�'10��
"#�.�����:T �X�8�D9 �8�fo\��"K�8��*] ��.-��y�7�[�1&#��"#��T ��"6� �!*_92��T �7��" 9RPR"6�.T �:-��D3 F &#� -��y�7�+�+�:- ���V�.T �1��� �! 
�8&#�  ��!*8T ��*c��� �8&6�;� �8&#� -��4"K�/�.-Z� �7"2$���� ')�I�j>Y����" � ���:h(0#�:9 �7"19 � �+�4���:9 �+02*] ��.-�� 92���)��"192�
�4" >?&#�I�8&#��*��8&#�  ^*+�4"K� ��� �.9RH!�7"1-���"2$ �!*c*+�I�+*+�,�;�8��"2$V3 F &#� -��y�7�+�+�:- ���V�.T �1��� �! ��8&#� �y�;�]�8��*
���  ���*]*+��T �C$�"#�I�8�:- &KPR���8��*+���+���D=���" >?&#�:-/& �8&#� T �C$�"#�I�8�%|W�;�8���4" �y�C$�� ')��&#��"19 �8&#� -/&6�7"2$�� ��"
�C�#�1�����D9 T �C$�"#�I�8�:- b ���:9[3 �v"  ��K�.T �D=p&KPR���8��*+���+����-��7" &6�DHJ� T 0#�X�8�%�1��� T �:-I*+�4�8-��!�1�:- �!*+�%$���"#�D=
��"1-���0192��"2$ ���8�:-B�J`g�+���%� ��"K�8��*] ��.-��y�7���7"19 HJ��*��8��� T �.�8���4"@=[���a-��7����P�T T �I�+*�PK`v'#*+�,�C�a��"2$ '102'#'1���
*+�,�C*]*B�7"2$��DT ��"K�8� n F G �IHJ��"K�8�ror=��7"19 �8&#� "f01-����,�;�8���4" �7"19 �7"#"#��&#���y�;�8���4" �! <'102'#'1�����D3Y�v" �7���
�! ��8&#���+�4=J"#�4���+���7"19 92���+�!*892��*��1�y�DP �7" ��"K�+*+��"#�+�:-d*+�4������" �+�����D-Z�8��"2$ �.T �4"2$��8&#�QT �7"KP �)�4�+�+�z`
'1���_T �I�/�7���/�C'1�������/�;�8���~>?&#��" �8&#�? ��K�.T ���{9�*+�XHJ��" �D>��DP  ^*+��T T �D-/&6�7"#�:-��7�#�Dh(0#�����%'#*+��01T 3��� 
�8&#��92���+�!*892��*+�D9 ��PR���8�DT �\&6�DHJ��T �7"KP T �I�/�7���/�C'1�������/�;�8����>?�X�8& �y�C*]$��E��"#��*]$!P '��C*]*+����*+�D=���w�s�w
� HJ��*�P *+02$4$��D9  ^*+��� ��"#��*]$!P �y�7"192�8-��C�)�4=��8&#�IP -��7" *+���y�W� ���R�+*+�DT ���XP �+���W>?�XP �8�W>��C*892���8&#�

G4G,�



�����!���7�����#���]�!� � ���#�:�  1� ¡\¢E� ���4�2� �����2�!£8¤ ¥8¦��7����¥��7�1§ ¨#�B�.¦Z£8�:¦��7�[£8�:� � ¥8¦��7����¥D©�� ¨��;£]£8���+�
§��+�XªJ��� �(� �7� ��«R£8���+�6�7�p¬V���:§ ?�����A� �WªJ��®^�+��� �4�#��� �I£/�7¥�£/�C�1�������a¦��7�����#���]�!� � ���#�:�  1� £8�
£8¤#� �#��«R£�¡\¯d¤#� �����!���7��®^�+��� ���#���]�!� � ���#�:�  1� �7�1§ £8¤#� £8¤#���8� �7�A°V 1¦Z£8 6�;£8���4�#¥?£8¤6�;£�§��+�XªJ�
£8¤#� ¨��;£]£8���+� £8�W��C�8§ �X£ �C�+�4©���� £8¤#��¥ ¦��7¥+�4©��%�]�+�����Iª!�7�K£�¡ ¯d¤#� ¥�£/�;£8� ?�����\���#¥�£8�,�.§ §2��¨)���1§
�4� �X£8¥ ¤#��¥�£8�!���J¡ ±²� ®��a¦� #¥+���2� �4� �#�4�a³´¦��K�C�+¥+���#���2� ®��K�.� ¥D©iY� �+ #��� �4 �£ �f 1¦����,�;£8���4� �7�1§
�7�#�#��¤#���y�;£8���4� �7¥ ¥+�4 2�8¦���¥�®��!�c¤K�R¥�£8���+��¥+��¥D¡ µ £jY�C³´§2�:� ���#¥+���4�6�7�<§���� ®��K�.� ��¥�£8¤#���+��®��!�+� �7�
�:§2�,�7�R£8��¥�£8���2� �4�+�4 #�1§ ®��!���:� ¨#�+�WªR���2� �4 2�� #�1§2���+¥�£/�7�1§2���2� �!®)¤K�R¥�£8���+��¥+��¥²�C�+��¥+���2� ®^�+��� ���a¦��7�
�+�,�C�]�B�7�2���D� ���K£8¥��7�1§ ���K£8���]®��.¦��y�7�@§R�R�6�.� �:¦�¥D¡

¶ ���1§2���2� �d���f�a§ �!�8§2����¨��C�B�.� �I£8������¥��7�X��D�R¥�£8¤#�²·��I�c¨#�+�!�1���D� ®��!�¸§2��¥8¦I�+�%�1���2��¨��;£]£8���+�#¥
?�X£8¤ � �7�K� §2���4�+����¥��!®¸®^�+���D§2��� ¡�¹v� �.¦�¦��!�8§V�7�1¦���?�X£8¤ º¼»D½J¾W¿�©�Y� §2�I¬V�#� £8¤#� À( 6�7�K£8�X£j�mÁ

Â Ã »Ä ÅÆ Ç ÅÈ
É ÅÆ Ç ÅÈCÊ »ÌË ÍZÎÐÏÑ Ç ÎIÏÒ�ÓrÔ Ê ½2¡Õ¾ Ó

�7¥ £8¤#� £8�.£/�7�\¥�£8�!�+�D§ ���y�7¥�£8�:¦ ���#���]�!�J©~��� ?¤#�:¦/¤ ¥+�X£8��¥ Ö× Ô ÖØ �C�+� �#���%��¤(�)�!�+¥ �7�1§ É ÅÆ Ç ÅÈ ��¥ £8¤#�
��7���{£8¤#�:¦B·a�#��¥+¥ ?¤#�:¦/¤ ��¥ » ��� �7���Y�4 2� ¥+�:�  #�y�;£8���4�#¥ Ê §���� ®��K�.� ���:� �X£ ÓrÙ £8¤#� ¥+ 1� � �;£8���4�
��¥ �WªJ��� £8¤#� ?¤#�4��� �y�;£]£8�:¦��4¡ Â ���XªJ��¥ £8¤#� £8�.£/�7�d�)�4 #�1§V�C��� �����2�!£8¤@©�Úd©��+��¥8¦��7���D§ �(� £8¤#�
£8�.£/�7�Ì�y�;£]£8�:¦�� �C�+�,� Ä ¡ µ�¥ £8¤#� ���#���]�!� �+��¥+�:§2��¥ �4� £8¤#� ¥+ 2�]®��.¦���¥ �!®��1 2�#�1����¥ �4�#�X�J© Â ��¥
¨#�+�!¨)�!��£8���4�6�7��£8� £8¤#� £8�.£/�7�~¥+ 2�]®��.¦�� ���#���]�!�J©¸§2�XÛm���+���2� �(� � ¦��4�#¥�£/�7�K£ Ê ¥+ 2�]®��.¦�� £8���#¥+���4� Ó ¡
¹v� £8¤#�?§2��®��!�8� �;£8���4� �!®)�1 2�#�1����¥D©JY��¥+¤6�7���p�7¥+¥+ 1� �Y£8¤6�;£~£8¤#�Q�(�7¥~��¥��#�,�C�+�X� ���1¦���� ¨#�+��¥+¥+�%�1���
Ê �y�C�]��� Ü Ó ©�¥+� �7�K� ��«R£8���+�6�7��®��!�8¦���¥ ¦��4�1¦����K£+�B�;£8� �;£ £8¤#� ¬V�:� ¥D¡ Ý{�7�� #��¥ �!®\¥�£+�+��¥+¥ ¦��7� �)�
¦��7�:¦� #�y�;£8�D§ �(� £/�C·a���2� �f 1� ���+�:¦��7�\§2���+�Xª!�;£8�XªJ��¥ �!®�£8¤#� £8�.£/�7��¥+ 2�]®��.¦�� ���#���]�!� º¼»D½4½;¿�¡ ¯d¤#�
¦��7�:¦� #�y�;£8���4� ªR�y� §2���+�Xª!�;£8�XªJ��¥ ��¥ �#�.£ ¥+ #�X£/�C�1��� ®��!� ®��K�.� ¥  #�1§2���]���4���2� � �7�K� £8�!¨)�4���!���:¦��7�
¦/¤6�7�2����¥D©�¥+���1¦�� £8¤#� ¥�£8�!�+�D§ ���y�7¥�£8�:¦ ���#���]�!� ��¥ §2��¥8¦��4�K£8���f #�4 #¥ ?¤#��� £8�!¨)�4���!���:¦��7��¦/¤6�7�2����¥
�a¦�¦� 2�D¡�¯d¤#�E�7�X£8���+�6�;£8�XªJ�?��¥�£8� ¦��7�:¦� #�y�;£8��¥�£+�+��¥+¥Þ§2�%�+�D¦Z£8�X�J©R�7¥²���XªJ��� ��� º¼»Wß7à;¿�©K�(� £8¤#�_¥+ 1� �!®
®��!�8¦���¥Y�.¦Z£8���2� �4� £8¤#���)�4 #�1§V�C���J©f?¤#�:¦/¤ ���a¦��7���X� ��¥�¨#�+�!¨)�!��£8���4�6�7��£8� £8¤#���)�4 #�1§V�C��� �����2�!£8¤
�!®A�E�1 2�#�1���4¡�¯d¤#�Ì£8�.£/�7�2¥+¤#�,�C�~¥�£+�+��¥+¥�á ��¥�¨#�+�!¨)�!��£8���4�6�7��£8��£8¤#�Q¦/¤6�7�2���d�!®�£8�.£/�7���)�4 #�1§V�C���
�����2�!£8¤ ��� £8¤#� ®��K�.� ©��!�?á Ê�â Ó�ã Ú Ê�â Ó Ë Ú Êåä Ó ©R?�X£8¤ Ú Êåä Ó £8¤#� ���#�X£8�y�7�@�)�4 #�1§V�C��� �����2�!£8¤@¡

»4»D½



æ2çNè2ç:é ê�ë8ì2í�ë+íDì î1ïKð.ñ ò
ódô í�ò+õ:ñ ö1÷�í�ò�ø�ø8ï!ö)ï4÷�ï!ù�õ:ú�ð7÷#ë+í,ðCë]ëBð7û2ù�íDñ í�ûKø~ïaú�ú�ü2ë+ò²ý�ï!ë~þ)ï4ü#û1ìVðCë�ÿ ò ô í,ðCë�ðCö#ö1÷�õ�íDì ø8ï ð7û

ï!ë8ì2í�ë+íDì ý�ïKð.ñ ç��vû ò+ü1ú ô ðÌý�ïKð.ñ ø ô íÞì2í�ý�ï!ë8ñ ð;ø8õ�ï4û ð��míDúZø8ò ï4û#÷Xÿ�ø ô í²íDì�ù�í�÷yðDÿJí�ë�þ1ü2þ#þ1÷�í�ò�ð7û1ì
ð7÷�÷Aø ô í ó écí��Jí�ûKø8ò�ðCë+í í,ð7ò+õ�÷Xÿ ÷�ïaú�ð7÷�õ��DíDì[ç	��òdø ô í ðCö#ö1÷�õ�íDì þ)ï4ü#û1ìVðCë�ÿ ò ô í,ðCëQõ�û1úIë+í,ð7ò+í�ò�
Rø ô í
þ1ü2þ#þ1÷�í�òÞõ�û ø ô íQíDì�ù�íQ÷yðDÿJí�ë�ì2õ�ò�ø8ï!ë�ø�
Jù�õ�Rõ�û2ù ë+õ�ò+ídø8ï ð ò�ø8ï!ë+íDì í�÷yð7ò�ø8õ:údí�û#í�ë]ù!ÿJç�îiõ%ù�ü2ë+í_æ2ç�����ð��
ò ô ï��?ò�ò+û6ðCö1ò ô ï.ø8ò~ï!ý6ø ô íÌö�ð;ø]ø8í�ë+û@ç�� ô í�û ðEö�ð7õ%ë~ï!ý��Jí�ë�ø8õ:ú�í�ò�ðCë+íYö1ü#ò ô íDì ø8ï!ù�íIø ô í�ë�ø8ïcý�ï!ë8ñ
ð ý�ï4ü2ë��vý�ï4÷:ì �Jí�ë�ø8í���
6ø ô í ûfü1ñ þ)í�ë_ï!ý�ò+õ:ì2í�ò�ú ô ð7û2ù�í�ò_ý�ï!ë�ø ô í ú�÷�ü#ò�ø8í�ëEï!ý�þ1ü2þ#þ1÷�í�ò�õ�û��Jï4÷�JíDì[ç
� ï4÷�ï!ë+ò õ�û îiõ%ù�ü2ë+í æ2ç�� ë+í��VíDúZø ø ô í ø8ï!ö)ï4÷�ï!ù�õ�í�ò ï!ýQø ô í þ1ü2þ#þ1÷�í�òDç  �ï.ø8í ø ô ð;ø ð !"�Jí��gò+õ:ì2íDì
��ù4ë+í�í�û#��ð7û1ì ð ò+í��Jí�û$�gò+õ:ì2íDì ��ÿJí�÷�÷�ï��%��þ1ü2þ#þ1÷�í ð7÷��ðDÿRòQðCö#ö)í,ðCëdõ�û ö�ð7õ%ë+ò�í��#ú�í�ö2øQì2ü2ë+õ�û2ù ø ô í
ò ô ï!ë�ø�÷�õ%ý�íIø8õ:ñ íYï!ý�ð�ý�ï4ü2ë��vý�ï4÷:ì �Jí�ë�ø8í�� � ô í�û ø ô ídûfü1ñ þ)í�ë+ò�ï!ý�ò+õ:ì2í�ò²ðCë+í�ð.ñ þ1õ%ù�ü#ï4ü#ò<þ)íDú�ð7ü#ò+í
ï!ýi÷yð;ø]ø8õ:ú�í ì2õ�ò8úIë+íIø8õ��Wð;ø8õ�ï4û@ç

êEû1ú�í�ø ô í~ò�ø+ëBð7õ�û í��#ú�í�íDì2ò�ðÌúIë+õXø8õ:ú�ð7÷&�!ð7÷�ü#í'
�ø ô í�ÿRõ�í�÷:ì ò�ø+ëBð7õ�û(
Dø ô í~íDì�ù�í�þ1ü2þ#þ1÷�í�ò�ü#û1ì2í�ë]ù�ï
ð7÷:ñ ï4ò�ø ò+õ:ñ ü#÷Xø/ð7û#í�ï4ü#ò ë+í,ðCë]ëBð7û2ù�íDñ í�ûKø8ò�
)� ô õ:ú ô ë+í�÷�í,ð7ò+í ø ô í ò�ø+ë+í�ò+òDç ódô í ò�ø8ï!ë+íDì í�÷yð7ò�ø8õ:ú
í�û#í�ë]ù!ÿ�
+*,
�ð7û1ì ò�ø+ë+í�ò+ò�
.-+
¸õ�û1úIë+í,ð7ò+í ì2ü2ë+õ�û2ù ø ô í ø8õ:ñ í � ô í�û ø ô í þ1ü2þ#þ1÷�í�ò ì2í�ý�ï!ë8ñ 
�ø ô í�û
ì�ë+ï!ö ëBðCö1õ:ì2÷Xÿ � ô í�û ø ô í�þ1ü2þ#þ1÷�í�òdë+í,ðCë]ëBð7û2ù�ícð7û1ì ë+í�÷�í,ð7ò+íEò�ø+ë+í�ò+òDç/�Eú�ú�ü1ñ ü#÷yð;ø8õ�ï4û ï!ý ò�ø+ë+í�ò+ò
ò�ø/ðDÿRò0�?õXø ô õ�û ø ô íEíDì�ù�íE÷yðDÿJí�ë{ï!ý�þ1ü2þ#þ1÷�í�ò�
1ð7û1ì û#í��Jí�ë�ö#ë+ï!ö�ðCù(ð;ø8í�ò{õ�ûKø8ï ø ô íEõ�ûKø8í�ë+õ�ï!ë\ï!ý[ø ô í
ý�ïKð.ñ ç ódô í1� ô ï4÷�í�ö#ë+ïaú�í�ò+ò\ë+í�ö)í,ð;ø8ò�ö)í�ë+õ�ïaì2õ:ú�ð7÷�÷Xÿ�
�ì2ü#í�ø8ï ø ô íEö)í�ë+õ�ïaì2õ:ú�þ1ü2þ#þ1÷�í�ò�ø+ë+ü1úZø8ü2ë+í'

ð7òYò ô ï��?û õ�û îiõ%ù�ü2ë+í æ2çNæ�
fø ô í�ò�ø+ë+í�ò+ò��gò�ø+ëBð7õ�û ö1÷�ï.ø�ç ódô õ�òYë+í�ò+ü#÷Xø�ú�ï!ë]ë+í�ò]ö)ï4û1ì2ò\ø8ï ø ô í�ò�ø+ë+í�ò+ò��
ò�ø+ëBð7õ�û ú�ü2ë2�Jí�ò\ï!þ2ø/ð7õ�û#íDì õ�û ø ô í�ñ ïaì2í�÷)ï!ý�3 ô ð7û 4�50687�9+�?õXø ô ö)í�ë+õ�ïaì2õ:ú ô í��VðCù�ï4û6ð7÷pþ1ü2þ#þ1÷�í�ò
ï!ë+õ�í�ûKø8íDì ð;ø:�Dí�ë+ï ì2í�ù4ë+í�í�ò;�?õXø ô ë+í�ò]ö)íDúZødø8ï ò�ø+ëBð7õ�û ð7ò�ò ô ï��?û õ�û îiõ%ù�ü2ë+í æ2çNè <¼éDæ>=@?�ç

� ô í�û ðCö#ö1÷XÿRõ�û2ù ö)í�ë+õ�ïaì2õ:ú ò ô í,ðCëBA+�DCE�;F AHGpò+õ�ûI�KJICE�L
#�Yí M�í�í�ö ø ô í ö)í�ë+õ�ïaì N&O�P>J !Q�2íDì
ð7û1ì �!ðCë�ÿ ø ô í ð.ñ ö1÷�õXø8ü1ì2íRAHGWç0S�û1ì2í�ëQö)í�ë+õ�ïaì2õ:ú � ò+õ�ûfü#ò+ï4õ:ìVð7÷T�\ò ô í,ðCë�
Q� ô í�û ø ô í ò�ø+ëBð7õ�û ð.ñ �
ö1÷�õXø8ü1ì2í õ�ò�ò8ñ ð7÷�÷K
Rþ1ü2þ#þ1÷�í�ò�ì2í�ý�ï!ë8ñ � ô í�û ò�ø+ë+í�ò+ò�ð.ú�ú�ü1ñ ü#÷yð;ø8í�òY÷�õ�û#í,ðCë+÷Xÿ ð7û1ì ë+íDú�ï��Jí�ë�ø ô í�õ%ë
ò ô ðCö)í�ò � ô í�û ò�ø+ë+í�ò+ò õ�ò ë+í�÷�í,ð7ò+íDì[ç  �ï ø8ï!ö)ï4÷�ï!ù�õ:ú�ð7÷�ë+í,ðCë]ëBð7û2ù�íDñ í�ûKø ïaú�ú�ü2ë+òDç ódô í ò�ø+ë+í�ò+ò��
ò�ø+ëBð7õ�û ö1÷�ï.ø õ�ò�÷�õ�û#í,ðCë�
[ú�ï!ë]ë+í�ò]ö)ï4û1ì2õ�û2ù ø8ï ð7û í�÷yð7ò�ø8õ:ú ë+í�ò]ö)ï4û#ò+í4ç ódô õ�ò�ë+í�ò+ü#÷Xøcõ�ò�õ�û ö)í�ë]ý�íDúZø

é4é�U



(a) (b) (c)

VXW�Y[Z�\E]_^�`�acbedgf�h&ikjEl"m@noj/m8pqh>f m8\or�]s\E]�r pDm�h@t Z"fkr�]s\/jEl"]uh&\�`/vwm'xym8\Ej+]zfk{sm$r�]}|kZ�|"|kxy]~nom8iqm'xym&�
Y[Wy]zjw��x�h�n�noW�{s]0jEW���]~�'a@^+���'a@^��Lb���h���|qm'Z"fkr�h&\2� jEl"]uh&\�����|q��|kZ"x�� jEl"]uh&\}��jEl"]uh&\,\�h�no]�� � �����"���L�
��{��%|kZ"x�� jEl"]uh&\ ��jEl"]uh&\ \�h�no] � � ������a[�L` dgW��g��jEW�r�]�r |kZ�|"|kxy]zj h&\E] |kxyZ"]'�)�"��]���jEW�r�]�r Y'\E]z]zf
h>fkr jE]���]zf$��jEW�r�]�r ��]zxyxym�  �QpDm'Z�\���jEW�r�]�r ��]�rQY[]R|kZ�|"|kxy]zjL�:h&\E]R\E]�r�`

�'��¡



0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0

10

20

30

40

N
um

be
r 

of
 T

1s

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

1

1.01

St
re

ss
Time (MCS)

¢X£�¤[¥�¦E§ ¨�©�¨�ªe«�¬E¦E§zE�®�2¬E¦�¯>£y° ±s¥�¦2²�§ ³D´8¦ ¯>° ´8¦oµ�§s¦E§�µ ³D´�¯@¶ ¥"°kµ�§s¦ 2¬o§u¯@µc· ¸q´'¥"°kµ�¯&¦2· E¹"§u¯&¦�º
±s´8¦�¦E§z�»q´'°kµ�£y°�¤ ¬o´ ±�¯>E§ ¼�¯�½ E¹"´�¾B° £y° ¢X£�¤[¥�¦E§ ¨�©�¿c© À_¹"§ °g¥k¶ ¸q§s¦ ´8³ÁÀ Â §�²�§z°�¬o £y ¹"£y�®
¬o´8¤'¦�¯@¶ ¶ §�µ £y° ¿@Ã Ä Å:« ¸k£y°"�©

Â'Â�Æ



Ç&È'ÉEÊzÊ�Ë ÊzÌ�ÍÁÎBÏÍoÐ ÍoÐ"Ê Ê�ÑQÒqÊsÉEÏ�Ë ÊzÌ�ÍÓÇ>Ô)ÉEÊzÕEÖ"ÔÍ ×8Ø0Ù;Ú Û ÏyÌ ÜÞÝ�ß'àâáäã å1Õ%ÍoÐ"Ê Õ2ÍEÉ�Ç>ÏyÌ Ç@Ë ÒkÔyÏÍoÖkæ�Ê
ÏyÌkç�ÉEÊuÇ>ÕEÊzÕ�èQÍoÐ"Ê Õ2ÍEÉEÊzÕEÕ�é�Õ2ÍEÉ�Ç>ÏyÌ çsÖ�É2ê�Ê ØD×8ÉoË Õ�Ç ÕoË Ç>ÔyÔ�ëkÖQÍ�ÍoÊsÉ2ì"í ÕEÐ�Ç&ÒqÊ�æ Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕBÔy×g×8Ò ëqÊ�é
ØD×8ÉEÊîÇ>Ì�í Ío×8Òq×'Ôy×8È[Ï�ç�Ç>ÔeÉEÊuÇ&É�É�Ç>Ì�È[Ê�Ë ÊzÌ�ÍoÕ0×$çzçsÖ�É�è$ÏyÌkæ�Ï�ç�Ç�ÍoÏyÌ�È Ç Ë Ç@ç�ÉE×'Õoçs×8ÒkÏ�ç:êcÏyÕoçs×gÊzÔ�Ç>Õ2ÍoÏ�çÁÉEÊ�é
Õ�Òq×'Ì"ÕEÊ'ã	ïk×8ÉwÏyÌkç�ÉEÊuÇ>ÕEÏyÌ�È Õ2ÍEÉ�Ç>ÏyÌ Ç@Ë ÒkÔyÏÍoÖkæ�Ê'è�ÍoÐ"Ê1Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕwÔy×g×8Ò ÏyÌkç�ÉEÊuÇ>ÕEÊzÕwÏyÌ ÕEÏ�ð�Ê'ã)Ú Ð"ÊzÌ
ÍoÐ"Ê1Ç&Ò"ÒkÔyÏyÊ�æ Õ2ÍEÉ�Ç>ÏyÌ Ç@Ë ÒkÔyÏÍoÖkæ�ÊñÊ�Ñ"çsÊzÊ�æ�ÕòÇ ç�ÉEÏÍoÏ�ç�Ç>Ô"ê8Ç>ÔyÖ"Ê'èHó Ý:Ê�ê�ÊzÌ�ÍoÕô×$çzçsÖ�É�è[ÎBÐ"Ï�çÓÐ çÓÐ�Ç>Ì�È[Ê
ÍoÐ"Ê ÕEÐ�Ç&ÒqÊ ×8ØõÍoÐ"Ê Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕ1Ôy×g×8Òöã�÷/ê�ÊzÌ Ô�Ç&É�È[ÊsÉÁÕ2ÍEÉ�Ç>ÏyÌ Ç@Ë ÒkÔyÏÍoÖkæ�Ê ÏyÌ�ÍEÉE×$æ�ÖkçsÊzÕøË ×8ÉEÊ ó Ý
Ê�ê�ÊzÌ�ÍoÕ ÒqÊsÉ ÒqÊsÉEÏy×$æ�è�Ç@æ"æ�ÏyÌ�È ÕoË Ç>ÔyÔ�Ôy×g×8ÒkÕ Ío× ÍoÐ"Ê ùúÎBÏyÌ�È[ÕEû ×8Ø~ÍoÐ"Ê Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕ Ôy×g×8Òöã ïXÏ�È>é
Ö�ÉEÊñü�ãþýÁÕEÐ"×�ÎBÕõÍoÐ"Ê~ÍEÉ�Ç>Ì"ÕEÏÍoÏy×'Ì ëqÊ�ÍúÎ~ÊzÊzÌ ÍoÐ"Ê~ÍoÐ�ÉEÊzÊ~Íúí$ÒqÊzÕ	×8Ø#Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕ/ÏyÌ ÍoÐ"Ê_Õ2ÍEÉEÊzÕEÕ�é�Õ2ÍEÉ�Ç>ÏyÌ
çsÖ�É2ê�Ê'ã

ÿ Ð�Ç>Ì�È[ÏyÌ�È ÍoÐ"Ê çs×'Ö�ÒkÔyÏyÌ�È Õ2ÍEÉEÊzÌ�È8ÍoÐ(è������âè�çÓÐ�Ç>Ì�È[ÊzÕ1ÍoÐ"Ê êcÏyÕoçs×'ÕEÏÍúí ×8Ø	ÍoÐ"Ê ëkÖ�ë"ëkÔyÊ Î:Ç>ÔyÔyÕ�ã
Û$Ë Ç>ÔyÔ�çs×'Ö�ÒkÔyÏyÌ�È Õ2ÍEÉEÊzÌ�È8ÍoÐ çs×8É�ÉEÊzÕ�Òq×'Ìkæ�Õ Ío× Ôy×�Î~ÊsÉ êcÏyÕoçs×'ÕEÏÍúí�ã ÛgÏ�Ë ÏyÔ�Ç&É ÍEÉ�Ç>Ì"ÕEÏÍoÏy×'Ì"Õ Ø ÉE×[Ë
ÊzÔ�Ç>Õ2ÍoÏ�ç8è[Ío× êcÏyÕoçs×gÊzÔ�Ç>Õ2ÍoÏ�ç:Ío× ì�Ö"Ï�ægé�ÔyÏ��[ÊBì�×�Î ëqÊzÐ�Ç�êcÏy×8É0×$çzçsÖ�É�ØD×8ÉôÒ"ÉE×8È'ÉEÊzÕEÕEÏê�ÊzÔí Ôy×�Î~ÊsÉ	ê8Ç>ÔyÖ"ÊzÕ
×8ØeêcÏyÕoçs×'ÕEÏÍúí�è[ÕEÐ"×�ÎBÌ ÏyÌ ïXÏ�È[Ö�ÉEÊBü�ã�ß�ã+ó_Ð"Ê_ÒkÐ�Ç>ÕEÊBæ�Ï�Ç&È'É�Ç@Ë ÏyÌ ïXÏ�È[Ö�ÉEÊBü�ã	�RÕEÐ"×�ÎBÕ/ÍoÐ"Ê:ÊzÔ�Ç>Õ2ÍoÏ�ç8è
êcÏyÕoçs×gÊzÔ�Ç>Õ2ÍoÏ�ç Ç>Ìkæ ì�Ö"Ï�ægé�ÔyÏ��[Ê ëqÊzÐ�Ç�êcÏy×8É 
�Ç>Õ æ�ÊsÉEÏê�Ê�æ Ø ÉE×[Ë ÍoÐ"Ê Ð�ícÕ2ÍoÊsÉEÊ�ÍoÏ�ç ÉEÊzÕ�Òq×'Ì"ÕEÊ��Lè.Ç>Õ Ç
ØDÖ"Ìkç ÍoÏy×'Ì ×8ØõÍoÐ"Ê çs×'Ö�ÒkÔyÏyÌ�È Õ2ÍEÉEÊzÌ�È8ÍoÐ"Õ�è����� 
��������ñêcÏyÕoçs×'ÕEÏÍúí��BÇ>Ìkæ Õ2ÍEÉ�Ç>ÏyÌ Ç@Ë ÒkÔyÏÍoÖkæ�Ê'è�����ã�å
Õ2ÍEÉEÏ��$ÏyÌ�È ØDÊuÇ�ÍoÖ�ÉEÊ ÏyÕ ÍoÐ"Ê ÔyÏyÌ"ÊuÇ&É Ì�Ç�ÍoÖ�ÉEÊ ×8ØñÇ>ÔyÔ	ÍoÐ"Ê ëq×'Ö"Ìkæ�Ç&ÉEÏyÊzÕ 
�ó_Ð"ÏyÕ �kÈ[Ö�ÉEÊ çs×'Ì�ÍÓÇ>ÏyÌ"Õ ���
æ�Ç�ÍÓÇ Òq×'ÏyÌ�ÍoÕ_ÎBÐ"Ï�çÓÐ Ç&ÉEÊ Ì"×@ÍBÕEÐ"×�ÎBÌ��Lã

ïXÏ�È[Ö�ÉEÊ ü�ã�Ý�à ÕEÐ"×�ÎBÕ ÍoÐ"Ê Ê�� Ê�ç Í ×8Ø ��Ì"ÏÍoÊ ÍoÊ�Ë ÒqÊsÉ�Ç�ÍoÖ�ÉEÊ ×'Ì ÍoÐ"Ê Õ2ÍEÉEÊzÕEÕ�é�Õ2ÍEÉ�Ç>ÏyÌ çsÖ�É2ê�ÊzÕ�ã
Ú ÏÍoÐ Ò"ÉE×8È'ÉEÊzÕEÕEÏê�ÊzÔí ÏyÌkç�ÉEÊuÇ>ÕEÏyÌ�ÈîÍoÊ�Ë ÒqÊsÉ�Ç�ÍoÖ�ÉEÊ'è@Ì"×'ÏyÕEÊ~ëqÊ�çs×[Ë ÊzÕ/Ë ×8ÉEÊ~æ�×[Ë ÏyÌ�Ç>Ì�ÍôÇ>Ìkæ Ê�ê�ÊzÌ$é
ÍoÖ�Ç>ÔyÔí æ�ÊzÕ2ÍEÉE×�ícÕBÍoÐ"Ê Ð�ícÕ2ÍoÊsÉEÊzÕEÏyÕÁÔy×g×8Òöã:ó_Ð"ÏyÕÁÉEÊzÕEÖ"ÔÍ1Ï�Ë ÒkÔyÏyÊzÕ1æ�Ï�Ë ÏyÌ"ÏyÕEÐ"Ê�æ Ë Ê�ÍÓÇ>Õ2ÍÓÇ&ëkÏyÔyÏÍúí Ç�Í
��Ì"ÏÍoÊøÍoÊ�Ë ÒqÊsÉ�Ç�ÍoÖ�ÉEÊ'ã�!�×�Î~Ê�ê�ÊsÉ�ègÏÍ:æ�×gÊzÕ~Ì"×@Í;ÕEÊzÊ�Ë Ío× çÓÐ�Ç>Ì�È[ÊÁÍoÐ"Ê#"HÖ�Ç>ÔyÏÍÓÇ�ÍoÏê�ÊîË Ê�çÓÐ�Ç>Ì"Ï�ç�Ç>Ô
ÉEÊzÕ�Òq×'Ì"ÕEÊ'ã

å Ë ×8ÉEÊ çs×'Ì�ê�ÊzÌ�ÍoÏy×'Ì�Ç>Ô�Ê�ÑQÒqÊsÉEÏ�Ë ÊzÌ�ÍñÏyÕ:ÍoÐ"Ê Ç&Ò"ÒkÔyÏ�ç�Ç�ÍoÏy×'Ì ×8ØXëkÖ"Ô�� ÕEÐ"ÊuÇ&É ÜÞÝ�ü%$$èIÝ�ü�ýgèöÝ�ý>üQè
Ý�ý>ßâáäè�ÎBÏÍoÐ ÍoÐ"Ê ÕEÐ"ÊuÇ&ÉñÕ2ÍEÉ�Ç>ÏyÌ ê8Ç&É2ícÏyÌ�È ÔyÏyÌ"ÊuÇ&ÉEÔí Ç>ÕÁÇ ØDÖ"Ìkç ÍoÏy×'Ì ×8Ø�ÍoÐ"Ê ê�ÊsÉ2ÍoÏ�ç�Ç>Ô(çs×g×8Éoæ�ÏyÌ�Ç�ÍoÊ'è
Ø ÉE×[Ë ��� Ç�Í ÍoÐ"Ê Ío×8Ò ×8Ø;ÍoÐ"Ê ØD×�Ç@Ë Ío× &'��� Ç�Í ÍoÐ"Ê ëq×@Í�Ío×[Ë ã ïk×8É Ç>Ì ×8Éoæ�ÊsÉEÊ�æ ØD×�Ç@Ë è�ÍoÐ"Ê

Ý)(@à



−10 0 10

    =  1.0

−10 0 10

       2.0

−10 0 10

   3.5

−10 0 10

       3.7

−10 0 10

       5.5

−10 0 10

    5.6

−10 0 10

       5.7

−10 0 10

       5.8

−10 0 10

    7.0

Strain

St
re

ss

1.04

1.02

1.00

0.98

0.96

1.04

1.02

1.00

0.98

0.96

1.04

1.02

1.00

0.98

0.96

1.04

1.02

1.00

0.98

0.96

1.04

1.02

1.00

0.98

0.96

1.04

1.02

1.00

0.98

0.96

1.06

1.04

1.02

1.00

0.98

1.06

1.04

1.02

1.00

0.98

1.04

1.02

1.00

0.98

0.96

γ0

*,+�-/.1032541687:9�;=<3032?>3>�@A>B<30DCE+GF HI.10BJ%2?>LK�MN0LMN0PO12I032QO K�M=CSR .TFUO12I0WVX2I03+GM:O1+YH[ZXM�.TFUO�C\0B] >3^T2)C\0`_'+a<P^
b�ced f g1hi f j CEFUO k f lNm87 n lQj�o:p�6 q .UR ZX2I03> C\ZXMrJ%2 <P^T2 sU-/.1032?> C\032 t�u�h<P^T2 >3^T2)C\0
CSR VUvG+a<P.UO12�6 wx03MN-�032?>3>3+aJ%2?va] +GFUH�032)CE>3+GF1- t�u vG2)CSO1> <PM <30DCEFT>3+a<P+GM�FT> CSR M�F1- <P^1032?2 <y]:VX2?> MNK
^=]z>B<P2I032?>3+G>Q9 t�u f lNm	j HIMN0{032?>{VXM�FUO1> <PM 2?v|CE>B<P+YH 032?>{VXM�FT>32�h}t�u f g1m�~ >3^TMr_'> Jz+G>PHIM�2?v|CE>B<P+YH
032?>{VXM�FT>32 ��ZX2IK�MN032#CEF=] � l�2�J%2?F=<�M:H?HI.103>���h=t�u�f 7:m	j +G>�C <y]:VU+YH�CEv�032?>{VXM�FT>32 _'^T2?F M�FTva] M�FT2
� l 2�J%2?F=< M:H?HI.103> O1.103+GF1- M�FT2 H�]�HIvG2 MNK�>B<30DCE+GF vGM=CSO1+GF1-�6 ��^T2 +GF=<P2I0PR 2QO1+|C�<P2 >B<P2IVU> >3^TMr_
<P^�C�<�<P^T2�<30DCEFT>3+a<P+GM�F ZX2�<y_�2?2?F <P^T2?>32�<P^1032?2�<y]:VX2?>�+G>�>PR M�MS<P^�6

l)��l



−10 −5 0 5 10

 3

−10 −5 0 5 10

 5

−10 −5 0 5 10

 10

−10 −5 0 5 10

 1
1.05

1.04

1.03

1.02

1.01

1.00

1.00

1.05

1.04

1.03

1.02

1.01

1.00

1.05

1.04

1.03

1.02

1.01

1.00

1.05

1.04

1.03

1.02

1.01

1.00

Strain

St
re

ss

J ij =

�,���/�1�3� �1�	�1���=�3�3�?�3�� A�B�3�D¡E�G¢ £I�1�B¤%�?� ¥�¦N� ¦N�P§1�I�3�Q§ ¥�¦=¡S¨ �T¢U§1�I� ©X�I�3�G¦:§1�Y£ ªX¦��T¢U§�¡\�B« �3¬T�)¡\�
 �a�P¬ ®�¯ ° ±:²�³ ° ´ ¡E¢U§ µ ° ¶N·8± ¸ ¶Q´�¹:º�� » �U¨ ªX�I�3� ¡\ªX¦r¤%� �P¬T� ¼U�/�1�3�?� ¡\�3� ½�¾�¿�²
 ¬T�Y£À¬ �G���G¢=¤%�I�3�3�?Áa« �3�?Á|¡��P�Q§ �P¦ ÁG�YÂ��T�Y§ ¤z�G�P£I¦��3�a�y«%�ÄÃx�3¦N���3�?�3�3�a¤%�?Áa« §1�Q£��3�)¡E�3�G¢1� ½�¾�¿Å©T�3¦:§1�U£I�?�
�3�D¡E¢T�3�a�P�G¦�¢T��¥Æ�3¦/¨ �?Á|¡E�B�P�Y£ ÇÈ½�¾�¿�° ¶Q´=É�²:�P¦ ¤z�G�P£I¦��?Á|¡E�B�P�Y£ ÇÈ½�¾�¿�° Ê/É5¡E¢U§ �P¦ ¤z�G�P£I¦��T��Ë�¦  §1�T�
�P¦ Ì ¶Í��¤%�?¢=�P�Q�x�U¦N��½�¾�¿�° Î1²T¡EÁGÁ��P¬T�Å�Q§��/�ÏªU�1ªTªUÁG�?���T¢U§1�I�{�/¦ ¦�¢T�#Ì ¶Å§1�1�3�G¢1� ¬�¡EÁ�¥,¡ �B�3�D¡E�G¢
£�«�£IÁG���Ð�U¦N�Ñ½�¾�¿�° ¶N²�¡EÁGÁz�P¬T���Q§��/��ªU�1ªTªUÁG�?�}�T¢U§1�I�{�/¦#�P¬1�3�?��Ì ¶I�Ò§1�1�3�G¢1� ¬�¡EÁ�¥¡Å�B�3�D¡E�G¢ £�«�£IÁG���

¶)Ó�Ó



0 1 2 3 4 5 6 7 8 9 10
0

2

4

6

8

10

12

14

16

Coupling Strength

Sh
ea

r 
A

m
pl

it
ud

e

Ô,Õ�Ö/×1Ø3Ù Ú1Û	Ü1ÝUÞÒß�àEá3Ù â1Õ|à\Ö�ØDàSã äNåÅß=æzáBçPÙIØ3Ù?á3ÕGá ÕGè çPßTÙ é�à\ØDàSã Ù�çPÙIØ á{é�àSêIÙ ë�ì í�î?ï ð�ñ�ò�óõô'ÕaçPß
ö ÷ ø àEèUâ ù ÷ úNû8ü ý úQø�þ:ÿ Û

ú����



Strain

−4 −2 0 2 4
1

1.005

1.01

1.015

1.02

1.025

 0

−4 −2 0 2 4
1.055

1.06

1.065

1.07

1.075

1.08

 5

−4 −2 0 2 4
1.13

1.135

1.14

1.145

1.15

1.155
 10

−4 −2 0 2 4
1.21

1.215

1.22

1.225

1.23

1.235
 15St

re
ss

T =

�����
	��� ��������������������! #"$���!�%��'&�&��)(*'+), �.-��/���01&��.-�� �2�3 "45�607�2	���%8:9 ;=<?>A@CB D�8FEHG�B IJ8J01-�K
L B �!MON P ���HQSRUTV�XWY+.+ZKJ07�[0 &�\$�^]_- 0`�� 0�(*5�60`�
'&a�^(*5� ��� "45���.�SK�&��

��b7I



ced�f�g'c�cihjced�f6k1l.m f�g'nok7d2l.p%m$c�q$l�r qsk1ctdvuwpyx�l.ced2l.m�z�d|{4g'qsk�}Fl.p!f�c�x�g5r4g'm�x�l.m�~�p%m d2q$g�c�q$g�k`f�f6k7d2g%����p!f
k�c2� k1n.n�c�q$g�k`f�f6k7d2g%�:k �ic�n.l�x�l.m�~ r�nok1m$g'� x�g/}*g'n.p!r�c�l.m d2q$g�� l�x$x�n.g_p!�4d2q$g_��p�k�� ����l�~
��f�gy�����%�
c�q$p^u_c�d2qsk7d x�g5��g�z�d2c ��m$p%mShjq$gU�Jk`~
p%msk1n�{���{${�n.g'cV��k`r$r4g�k`f p%m$n)� k7d�d2q$g z5g'm�d2g5f�r�nok1m$g%� ��q$g
ced�f�g'c�cihjced�f6k1l.m z5��fe}*g%�Zc�q$p^u_m l.m ��l�~
��f�g ��������d2q$g5f�g5��p!f�g%��l.c c�l�� l.nok`f�d2p d2qsk7d ��p!f�{4p%�$m�xJk`fe�
c�q$g�k`f p%m k1m p!f2x�g5f�g�x ��p�k�� � ��q$g r4g5f�l.pSx�l�z5l)dv� l.c x��$g d2p d2q$g r4g5f�l.pSx�l�z ced�f���z�d2��f�g p!��d2q$g
{���{${�n.g'c���f�g�� l.m$l.c2z5g'm�d p!��d2q$g c�q$g�k`f r�nok1m$g'c p!{�c�g5fe}*g�x l.m � g/d[k1n.n.l�z ~
nok1c�c�g'c l.m d2q$g l.m$q$p`h
� p!~
g'm$g'p%�$ca Jp^u f�g5~
l�� g%�¡u_q$g5f�g ced�f�g'c�cihjl.m�x���z5g�x f�g�k`f¢f6k1m�~
g�� g'm�dCl.c£d2q$g p!f�l�~
l.m p!��r�nok1ced2l�z
x�g5��p!f2� k7d2l.p%m ¤¥���$�U¦=�

§ d?q$l�~
q c�q$g�k`f�f6k7d2g'c��7d2q$ga� �¨g/}*g'm�d2c�k`f�g©m$p�d?n.pSzªk1n.l�«�g�x l.m c¢r¬k�z5g ¤��l�~
��f�ga���¯®��°z^�j¦=��±�p%mSh
q$gU�Jk`~
p%msk1n�{���{${�n.g'c k`r$r4g�k`fyd2q�f�p%��~
q$p%�¡d�d2q$g ��p�k�� �y��q$g ced�f�g'c�cihjced�f6k1l.m z5��fe}*g%�4c�q$p^u_m l.m
��l�~
��f�g ����²��©l.c m$p�d r4g5f�l.pSx�l�z {��¡d f6k7d2q$g5f c2� p:p�d2q�³ad2q$g {���{${�n.g'c z5p%m$ced[k1m�d2n)� � p^}*g k1m�x
x�p m$p�d qsk�}*g d2l�� g d2p c�g/d¢d2n.g l.m�d2p k � g/d[k1ced[k`{�n.g z5p%m¡´�~
��f6k7d2l.p%m d2p c��$ced[k1l.m ´Jm$l)d2g ced�f�g'c�c��
��q$g ��p�k�� d2q$g5f�g5��p!f�g c�q$p^u_cYk c2� k1n.n.g5f��Fl.g'n�x ced�f6k1l.m��w��q$g d�f6k1m$c�l)d2l.p%m {4g/dvuwg'g'm d2q$g'c�g dvuwp
r�q$g'm$p
� g'msk pSz'z5��f�c�u_q$g'm d2q$g c�q$g�k`f�f6k7d2g l.c l.m d2q$g f6k1m�~
g � µ ��¶H·F¸ ¹ º¼»aºt¹ ® µ ��¶H·F¸
�¾½:g'g ½:g�z�d2l.p%m ���¯® ��p!f k x�l.c2z5�$c�c�l.p%m p!��d2q$g g/¿�g�z�d p!�Àc�q$g�k`f f6k7d2g p%m �Fl.g'n�x ced�f6k1l.m��O�V� ��q$l.c
d�f6k1m$c�l)d2l.p%m zªk1m {4g �$m�x�g5f�ced2p:pSx {H� n.p:p!ÁSl.m�~ k7d d2q$g f�g'nok^�Jk7d2l.p%m d2l�� g c2zªk1n.g p!�Àd2q$g ��p�k�� �
Â m p%��f_c�l�� �$nok7d2l.p%m$c���d2q$g f�g'nok^�Jk7d2l.p%m d2l�� g ��p!fYk c�l.m�~
n.g x�g5��p!f2� g�x {���{${�n.g l.cYk ��g/u Ã ÄC½4�
Â m k ��p�k�� ��x��$g�d2p c���f¢�°k�z5g£}Fl.c2z5p%�$cÀx¡f6k`~ k1m�x ~
g'p
� g/d�f�l�z£z5p%m¡´Jm$g�� g'm�d�{H� p�d2q$g5f�{���{${�n.g'c��
d2q$g f�g'nok^�Jk7d2l.p%m d2l�� g ��p!f k c�l.m�~
n.g {���{${�n.g {4g�z5p
� g'c p!� d2q$g p!f2x�g5f p!� ��¶ Ã ÄC½4�w��p!f k
c�q$g�k`f f6k7d2g » Å ® µ ��¶ ·F¸ �X» ·sÆ l.c p!�£d2q$g c6k�� g p!f2x�g5f k1c d2q$g f�g'nok^�Jk7d2l.p%m d2l�� g%� ��q:�$c
��p!f c�q$g�k`f f6k7d2g'c k`{4p^}*g d2q$g msk7d2��f6k1nCl.m�d2g5f�msk1n�f�g'nok^�Jk7d2l.p%m d2l�� g c2zªk1n.g%��d2q$g � k�z/f�p%c2z5p!r�l�z
f�g'c¢r4p%m$c�g z[qsk1m�~
g'c©�Çf�p
� È¢k`~%~
g�x k1m�x g'nok1ced2l�zYd2p c2� p:p�d2q k1m�x }Fl.c2z5p%�$caf�g'c¢r4p%m$c�g%��k1ca��p%�$m�x
l.m ´Jm�~
g5f�l.m�~ gU�¡r4g5f�l�� g'm�d2cCl.m ��p�k�� c ¤¥���*É�¦=�

��É%®



0 1 2 3 4 5 6 7 8 9 10

x 104

0

2

4

6

8

N
um

be
r 

of
 T

1s

0 1 2 3 4 5 6 7 8 9 10

x 104

1

1.01

1.02

St
re

ss

Time (MCS)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
4

0

2

4

6

8

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
4

1

1.01

1.02

Ê�Ë�Ì
Í�Î�Ï Ð�Ñ�Ò%Ò!Ó¬Ô�Õ�Î�Ï'Ö�Öi×jÖeÕ�Î6Ø1Ë.Ù Ú5Í�ÎeÛ*Ï Ü�Ý!ÎyØ1Ù Ý!Î2Þ�Ï5Î�Ï�Þ Ü�Ý�Ø�ß Í$Ù�Þ�Ï5Î_à�Í$á�â Ö�ã$Ï�Ø`ÎyØ7Õ�Ö�ã$Ï�Ø`ÎCÎ6Ø7Õ2Ï
ä å æ�ç�æ Ò!Ñ è�ã$Ï ß Ø`Ì
Ù$Ë)éJÏ�Þ ÛFË.Ï/ê Ë.Ù Õ2ã$Ï à4Ýªë Ö�ã$Ý^ê_Ö Õ2ã$Ï Ú5Ý!Î¢Î�Ï'áoØ7Õ2Ë.Ý%Ù à4Ï/ÕvêwÏ'Ï'Ù ÖeÕ�Î�Ï'Ö�Ö
Î�Ï'á.Ï�Ø1Ö�Ï'Ö_Ø1Ù�Þ Ë.Ù�Þ�Ë)ÛFË�Þ�ÍsØ1á|Ø�Û!Ø1áoØ1Ù�Ú[ã$Ï'Ö�Ý!Ü�è Ò Ï/Û*Ï'Ù�Õ2Ö�Ñ

Ò�ì�Ð



0 500 1000 1500 2000 2500 3000
0

5

10

15

Time (MCS)

N
um

be
r 

of
 T

1s

0 500 1000 1500 2000 2500 3000
1

1.05

1.1

1.15

St
re

ss

500 510 520 530 540 550 560 570 580 590 600
0

2

4

500 510 520 530 540 550 560 570 580 590 600

0.99

1

1.01

í�î�ï
ð�ñ�ò ó�ô�õ�öF÷¬ø�ù�ñ�ò'ú�úiûjúeù�ñ6ü1î.ý þ5ð�ñeÿ*ò ���!ñyü1ý �!ñ���ò5ñ�ò�� ����ü�� ð$ý���ò5ñ
	�ð��� ú��$ò�ü`ñyü7ù�ú��$ò�ü`ñCñ6ü7ù2ò
� � ������� ô ���$ò � ü`ï
ý$î��Jò�� ÿFî.ò�� î.ý ù��$ò 	��! ú����"�_ú ù��$ò þ#�!ñ¢ñ�ò$�oü7ù2î%�%ý 	4ò/ù&�wò'ò'ý úeù�ñ�ò'ú�ú
ñ�ò$�.ò�ü1ú�ò'ú_ü1ý�� �^ÿ*ò5ñ��oü('�'�î.ý�ï ü�ÿ!ü)�oü1ý�þ*�$ò'ú��+�,� õ ò/ÿ*ò'ý�ù2ú�ô

õ�ö.-



/�0�1�032 465%7�8+9�:�;#9�;�: <�8>=�? 7

@BA =C:�5%7�8+9�:�;#9�;�: D�8>=�? E�F
G�; A H 8JI A :K=(9ML H I H�H�N ;$7O8+D�:�5�PQ;#9�; A>R 7�5�S�;$7TI A :�;#9VU.8XW YZ;�[�; A>R 7
= R :�5�PQ;#9�; A>R
R 5\? ;$7�E R G�; H 8JI A :K=(9ML 7�G�;]=(9_^!= A A 8 N 8 A U.;#9 H ; ^#8 Aa`KA ;�: R 8 R G�; ;�:aU.; N =�L�;#9�b
5 A 7 R ;]=�: 5 Rdc 9�8 c =(Ue= R ;$7f5 A>R 8 R G�;65 A>R ;#9�5%8+9g8+D R G�;_D�8>=�? hi<O5�U.I�9�;j/�0\Y�1�kl=�monp0qW�G�;XLr5%; N : 7 R 9s=)5 A
5%7f? I�^*G 7�? = N%N ;#9�0t<O5�U.I�9�;_/�0\Y]uv7�G�8"F
7d= A ;xwK=�? c�N ;C8+Dy7�I�^*G zKI�5\:|{ N 5�}.; H ;$G~=�[r5%8+9�E�F
G�;#9�; A 8
7 R 9�;$7�7�^!= A =�^$^#I�? I N = R ;X5 A R G�;6D�8>=�? 0q��5 A ;]=(9d; N =)7 R 5\^#5 R L = A : N 5 A ;]=(9g[r5%7�^#8|; N =)7 R 5\^#5 R L 5%7 A 8 R
8 H 7�;#9M[�;�:�Et7�5 A ^#; ;�[�; A = 7�? = N%N :�;#D�8+9�? = R 5%8 A ? =�L N ;]=�: R 8 R 8 c 8 N 8+U.5\^!= N 9�;]=(9V9s= A U.;�? ; A>R 7
D�8+9 R G�; 7�? = N%N�H I H�H�N ;$7�E�F
G�; A R G�; 7�5�S�; :�5%7 R 9�5 H I R 5%8 A 8+D R G�; D�8>=�? 5%7 H 9�8>=�:�0 W�G�; D�8>=�?
:�;#D�8+9�? 7 = A : Lr5%; N :�7 N 5�}.; = zKI�5\: I c 8 A = c�c�N 5\^!= R 5%8 A 8+D R G�; 7�? = N%N ;$7 R 7 R 9s=)5 A 0 ��8 R ; R G~= R
F
G�; A 7�G�;]=(9
5%7 ` 9�7 R = c�c�N 5%;�:�E R G�; 7 R 9�;$7�7
:�;�^�9�;]=)7�;$7 R 8 H ; N 8"F Y+E R G�; 5 A 5 R 5�= N [+= N I�;JE H ;#D�8+9�;
5 A ^�9�;]=)7�5 A U R 8 zKI�^ R I~= R ; =(9�8JI A : Y+0 W�G�5%7 7 R 9�;$7�7 :�;�^�9�;]=)7�; 8�^$^#I�9�7 H ;�^!=)I�7�; R G�; 5 A 5 R 5�= N
:�5%7�8+9�:�;#9�;�: c = RVR ;#9 A 5%7 A 8 R D�I N%N L 9�; N ="w�;�:�0 � ; U.; A ;#9s= R ; R G�; :�5%7�8+9�:�;#9�;�: 5 A 5 R 5�= Ntc = RVR ;#9 A
H L 7 R 8 c�c 5 A U ^#8>=(9�7�; A 5 A U 8+Dg= D�8>=�? = RjR G�; :�;$7�5�9�;�: ���"k��Tm�0 W�G�; 5 A 5 R 5�= Ntc = RVR ;#9 A 5%7 R G|I�7
N 5�}.; N L R 8 H ; 5 A = ? ; R =)7 R = H�N ; 7 R = R ;J0v�|G�;]=(965 A :�I�^#;�: 9�;]=(9V9s= A U.;�? ; A>R G�; N�c 7 R G�; H I H�H�N ;$7
R 8 9�;]=�^*G = c =�^s}�5 A U ^#8 Aa` U.I�9s= R 5%8 A F
5 R G N 8"F�;#9�7�I�9VD�=�^#; ; A ;#9VU+L�0

� :�5%7�8+9�:�;#9�;�: D�8>=�? I A :�;#9 H I N } 7�G�;]=(9�EJ7 A = c 7�G�8 R 7�7�G�8"F A 5 A <O5�U.I�9�;C/�0\Y�1�k H m�E H ;$G~=�[�;$7
N 5�}.; = A 8+9�:�;#9�;�: D�8>=�? 5�D R G�; 7�G�;]=(9_9s= R ; 5%7 N 8"F 0XW�G�; 9�;]=(9V9s= A U.;�? ; A>R 7_=(9�; :�5%7�^�9�; R ; = A :
=�[+= N = A ^*G�;x{ N 5�}.;JE�9�;$7�;�? H�N 5 A U = 7 R 5\^s}�{o7 N 5 c c 9�8�^#;$7�7�EK8+96=�:�:�5 A U 7s= A : 7 N 8"F N L R 8 = 7s= A : c 5 N ;J0
� 8"F�;�[�;#9�E�5�D R G�; 7�G�;]=(969s= R ; 5%7jG�5�U.G�E�= N%N�R G�; =�[+= N = A ^*G�;$7_8"[�;#9 N = c E�= A : R G�; :�;#D�8+9�? = R 5%8 A
= A : 9�;]=(9V9s= A U.;�? ; A>R 76=(9�; ? 8+9�; G�8.? 8+U.; A ;$8JI�7�= A : ^#8 A>R 5 A I�8JI�7�E�=)7�5 A = 7�5\? c�N ; [r5%7�^#8JI�7
N 5\�eI�5\:�0

��8 R ; R G~= R 5 A = N%N�R G�;�G>Lr7 R ;#9�;$7�5%7 c�N 8 R 7�E R G�;�7 R 9�;$7�7�{o7 R 9s=)5 A ^#I�9M[�;$7�^�9�8J7�7�= R S�;#9�8 7 R 9s=)5 A E
5 A :�5\^!= R 5 A U A 8 9�;$7�5\:�I~= N 7 R 9�;$7�7 = R S�;#9�8 7 R 9s=)5 A 0 W�G�5%7 ^�9�8J7�7�5 A U 5%7 = A =(9 R 5�D�=�^ R 8+D R G�; :�;#D�{
5 A 5 R 5%8 A 8+D_7 R 9�;$7�7�E�F
G�5\^*G 5�U A 8+9�;$7 R G�; = A U.I N =(9 ? ;]=)7�I�9�;$7 8+D_:�5%7 R 8+9 R 5%8 A E
�l���!� R G�; R 8 R = N
H 8JI A :K=(9ML N ; A U R G :�8|;$7 A 8 R :�5%7 R 5 A U.I�5%7�G =�? 8 A U R G�; :�5�9�;�^ R 5%8 A 7 5 A F
G�5\^*G R G�; H I H�H�N ;$7

Y]2��



(a) (b)

 O¡�¢.£�¤�¥ ¦�§\¨�©�ª�«|¬~(®�¯�°�±�²�¯ ±+³  ´�¡%¯�±+¤�´�¥#¤�¥�´ ³�±>�µ £�¬�´�¥#¤ ¯�°�¥](¤�§ ¶g±J·%±+¤�¯ ¥$¬�¸#±�´�¥ ¹�£�¹�¹�·%¥
²�±+®�±J·%±+¢.¡%¥$¯ º»·�¼²V²�¡\¸#¥ ¯�¡�½�¥ ¾J¿�¦ À ¾J¿�¦>Á�ªCºl�ÁÂ¹�±J£�¬�´K(¤MÃ ¯�°�¥](¤�ÄÅº�¹�Áf¹�£�·�Æ ¯�°�¥](¤�§

¨]¾�Ç



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 104

0

1

2

3

4

N
um

be
r 

of
 T

1s

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 104

1

1.01

1.02

1.03

Time (MCS)
St

re
ss

ÈOÉ�Ê.Ë�Ì�Í�Î�Ï\Ð�ÑKÒ�Ó>Ô�Ì�Í$Õ�Õ�ÖoÕMÔ�Ìs×)É%Ø Ù#Ë�ÌMÚ�Í$ÕOÛ�Ü+Ìq×_Ý�É%Õ�Ü+Ì�Ý�Í#Ì�Í�Ý Û�Ü>×�Þ Ë�Ø�Ý�Í#ÌqÕMÔ�Í]×�Ýrß à�ÜJË�Ø�ÝK×(ÌMß Õ�á�Í]×(Ì�â
Ù#Ü+ÌVÌ�Í$ÕVã�ÜJØ�Ý�É%Ø�Ê Ô�Ü ÈOÉ�Ê.Ë�Ì�Í Î�Ï\Ð�ä�ål×�æ�Ï

Ð�äJç



0 1 2 3 4 5 6 7 8 9 10

x 104

0.9

0.95

1

St
re

ss

0 1 2 3 4 5 6 7 8 9 10

x 104

0

2

4

6

N
um

be
r 

of
 T

1s
Time (MCS)

èOé�ê.ë�ì�í î�ï\ð]ñrò�ó>ô�ì�í$õ�õ�öoõMô�ìs÷)é%ø ù#ë�ìMú�í$õjû�ü+ì ÷ ý�é%õ�ü+ì�ý�í#ì�í�ý û�ü>÷�þ ë�ø�ý�í#ì õMô�í]÷�ýrÿ ��ë���� õ���í]÷(ì ÷¼ô
õ���í]÷(ì�ìs÷¼ô�í�� 	 
��
�ð���ù#ü+ìVì�í$õ���üJø�ý�é%ø�ê ô�ü èOé�ê.ë�ì�í î�ï\ð���������ï

ð���ð



������� � ! "$#�%&�'")( %�* +,��-�(.+�+ /�(1032�������%&2 45#��'"$# ��2�")��6�/�(�/ 7�#98:+�( ��2�*;%�-�< 8=����%&2 4>%&6��'/ +�#�%?4
2�%&2A@CB�()-�% -�(.+��'/�698:�D+,��-�(.+�+ 8=� B�()-�% +,��-E8:��2GFIH�6J� 4>%&6��'/ 2�%K� %K��#�()-,45��+�( 8=LM(�"N� ��#�( -�(.+�6�����+
-�()7�%�-,��(�/ #�()-�(&�

O �QP R S�!UT�8:�V8:2�"$#�(.+

W 2 H�%K��# (YXJ7�()-��'< (.2Z��+ [\S&SKF]S?^`_I8:2�/ +��'< 6��V8=����%&2�+�F���#�( ")%&2Z�$8K"N�a8:2�bc��(.+d%�*e��#�( Tf()-,���'")(.+
-�(�< 8:��2 S`gKh&iG6�2Z�����K�j4>%>Tf()-,���'")(.+k< (.(1� �kRl#�(m(YXn��()-�298:��+,��-E8:��2 /�(1��()-�< ��2�(.+o��#�(p-E8=��(q8=�G45#��'"$#
Tf()-,���'")(.+l< (.(1� �pRl#�( 2�(14 *;%&6�-r@C*;%&�'/ Tf()-,��(YX -E8s7��'/���t +�7�������+u��2Z��% 8 Tf()-,��(YX 7v8:��-�F�-�(�")%?Tf()-���2�b
S`gKh i ")%&2Z�$8K"N�58:2�bc��(.+�F�8=�U8 -E8=��(�/�(1��()-�< ��2�(�/ Hwt ��#�(xTn��+�")%&+����jtf�pRl#���+U8:+,tJ< < (1��-,t %�*y���'< (
+�" 8:��( ��2 ��#�( R S (1Tf(.2Z�5")%&2Z��-���H�6J��(.+z��% ��#�( #Ztn+,��()-�(.+���+��

W 2 Tf()-,��(YX < %A/�(.�{+��'< 6��V8=����%&2�+�F]+�6�/�/�(.2 -�(.��(`8:+�(.+ %�*z(.2�()-�b�t %A".")6�- %&2�")( ��#�( 8s7�7�����(�/
+�#�(`8s-{(YX�")(.(�/�+|��#�(}tn��(.�'/ +,��-E8:��2 [\S Of~ _��IRl#�(5(1Tf(.2Z�{+���B�(&F9���;� ����#�(u(.2�()-�b�t -�(.��(`8:+�(l7�()-q(1Tf(.2Z�
��2 ��#�( /J-,t *;%Z8K< ���'< ��� FJ*;%&����%?45+58 7�%?4>()-r@��V8�4 /���+,��-���H�6J����%&2G�|�����y�{� �]����cFJ45#�()-�(�� ��+z��#�(
(1Tf(.2Z� +���B�(&� ! +��'< ���V8s- 7�%?4>()-r@��V8�4 /���+,��-���H�6J����%&2 4}8:+ *;%&6�2�/ ��2 �a6�-��V8:2G��+ H�6�H�H���( < %A/�(.�
[\S O ^ _�F�45����# 8:2 8K/�/�������%&298:�k(YXJ7�%&2�(.2Z���V8:�k")6J��%KL *;%�-u�V8s-�bc( (1Tf(.2Z��+������'< 6��V8=����%&2�+5%�*]� (`8:��-�(
�1�D�����d[\S O&O FGS?^:��_�F�#�%?4>(1Tf()-�Fn+�6�b&bc(.+,�>��#98=�}7�%?4>()-r@��V8�4 H�(.#98�Tn��%�-l%&2���t 8s7�7�(`8s-�+l��2 ��#�(x4>(1�
*;%Z8K< ���'< ��� �5��XJ7�()-��'< (.2Z��+�Fv%&2 ��#�( %K��#�()-�#98:2�/�F�#98�Tf( 2�(1Tf()-d*;%&6�2�/ +,tn+,��(�< @�45�'/�( (1Tf(.2Z��+
%�-u��%&2�b -E8:2�bc( ")%�-�-�(.�V8=����%&2�+U8K< %&2�b (1Tf(.2Z��+ [\S?^&^�FyS?^: �_��>¡a2�( %�*e%&6�-ubc%Z8:��+u��+}��% -�(�")%&2�")����(
��#�(.+�( /���LM()-�(.2Z�u7�-�(�/��'"N����%&2�+��

Rl#�(.+�(d/���LM()-�(.2�")(.+¢< 8�t -�(.+�6����£*¤-�%c< ��#�(d6�+�(U%�*�(.2�()-�b�t -�(.��(`8:+�(&Ff-E8=��#�()-m��#98:2 (.2�6�< ()-r@
8=����%&2 %�*]8K"N��698:�¥(1Tf(.2Z��+�FJ8:+£4>(.���M8:+¢��#�(¦8:+�+�6�< 7�����%&2 %�*]8 ����2�(`8s-D-�(.�V8=����%&2 H�(1�j4>(.(.2 (.2�()-�b�t
§ 6�< 7�+U8:2�/ ��#�( 2�6�< H�()-}%�*eR S (1Tf(.2Z��+�F�298K< (.��tfF

¨�©
¨�ª « ¬) ® � O � O �

45#�()-�(  ��+ ��#�( 2�6�< H�()- %�*dR S (1Tf(.2Z��+ 8:2�/ ¬ ��+ 8 ")%&2�+,�$8:2Z� � ! /J-E8:+,���'" /J-�%�7 ��2 ��#�(
��%K�$8:�qH�%&6�2�/38s-,t ��(.2�b���# ��2�/��'" 8=��(.+ 8 �V8s-�bc( 2�6�< H�()- %�*uR S (1Tf(.2Z��+�� ¯U%?4>(1Tf()-�Fe��2 8 /���+r@

S�°fg



±�²�³�´)²�´�³ µ;±Z¶K· ¸�¶:¹�¹¢º » ´1¼f´.½Z¾�¿ ¶s²�´ ½�±K¾ ´�ÀwÁ9¶:¹Â¸�¿�Ã�½�Ä)´ ¾�Å�´1Æ ³�± ½�±K¾ ¶:¹�¹q²�´.¹�´`¶:¿�´ ¾�Å�´ ¿E¶K· ´
¶K· ±&Á�½Z¾5±�µI¿,¾�±�²�´�³ ´.¹V¶:¿,¾�Ã'Ä ´.½�´)²�Ç�ÆfÈ>ÉU½�³�´)²5¾�Å�´ ¿E¶K· ´ ¿,¾�²E¶:Ã�½G¸9¿�· ¶:¹�¹�´)²uÊ�Á�Ê�Ê�¹�´.¿UË3±?Ì · ±�²�´
´`¶:¿�Ã�¹�ÆfÈ Í Å�´.½ Ê�Á�Ê�Ê�¹�´.¿ ³�´)µ;±�²�· ÊwÆ ¾�Å�´ ¿E¶K· ´ ¶K· ±&Á�½Z¾ ¸DÎ Ï�¸¢µ;±�² ¿�· ¶:¹�¹�´)² Ê�Á�Ê�Ê�¹�´.¿�¸£¾�Å�´
²�´.¹V¶=¾�Ã�¼f´ ³�´)µ;±�²�· ¶=¾�Ã�±&½ ÐMÑÑ Ã�¿ · Á�Ä$Å Å�Ã�ÇcÅ�´)²�È ºlÅ�Á�¿ ¾�Å�´1Æ ¶s²�´ · ±�²�´ ¹�Ã�Òc´.¹�Æ ¾�± Çc± ¾�Å�²�±&Á�ÇcÅ
º » ´1¼f´.½Z¾�¿�È¦Ó ±�²�´.±?¼f´)²�¸M¶ º » ´1¼f´.½Z¾xÃ�¿x½�±K¾x¿,¾�²�Ã'ÄN¾�¹�Æ ¹�±AÄ ¶:¹Â¸�Ê�ÁJ¾x²�´.¿�Á�¹�¾�¿xÃ�½ ¶ ³�´)µ;±�²�· ¶=¾�Ã�±&½
±?¼f´)² ¶ Ä)´)²,¾$¶:Ã�½ Ô3½�Ã�¾�´ ²E¶:½�Çc´ ±�µ�Ã�¾�¿ ½�´.Ã�ÇcÅwÊ�±�²�Å�±�±A³�¸�¶:¿ ³�´�· ±&½�¿,¾�²E¶=¾�´�³ ÊwÆ º » · ¶:½�Ã�Õ�Á�¹V¶?Ö
¾�Ã�±&½�¿�Ã�½ µ;´)²�²�±sÖ�Ë3Á�Ã'³ µ;±Z¶K· ´Y×JÕ�´)²�Ã'· ´.½Z¾�¿ Ø\»�Ù&Ú=Û�È ºlÅ�´)²�´)µ;±�²�´&¸Ü¾�Å�´ ½�Á�· Ê�´)²¦±�µ£º » ´1¼f´.½Z¾�¿¦Ã�¿
½�±K¾a½�´�Ä)´.¿�¿E¶s²�Ã�¹�Æ ³�Ã�²�´�ÄN¾�¹�Æ Õ�²�±�Õ�±�²,¾�Ã�±&½9¶:¹k¾�± ¾�Å�´ ³�´�Ä1²�´`¶:¿�´ Ã�½ ¾�±K¾$¶:¹yÊ�±&Á�½�³3¶s²,Æ ¹�´.½�Ç�¾�ÅGÈuÍ ´
Ä ¶:½�½�±K¾ Ä)±c· Õv¶s²�´ ¾�Å�´ ´.½�´)²�Ç�Æ ³�Ã�¿�¿�Ã�Õv¶=¾�Ã�±&½ ¶:½�³ º » ´1¼f´.½Z¾�¿ ³�Ã�²�´�ÄN¾�¹�ÆfÈ Ý�Á�²,¾�Å�´)²�· ±�²�´&¸e¾�Å�´
· ´�Ä$Å9¶:½�Ã�¿�· ¿�±�µq´.½�´)²�Ç�Æ ³�Ã�¿�¿�Ã�Õv¶=¾�Ã�±&½ ³�Ã�ÞM´)²¦Ã�½ ¾�Å�´.¿�´ · ±A³�´.¹�¿�È ß ¶�Ì}¶:¿E¶sÒAÃ}à1ádâ�ã�ä Ø\»�åfæ?ÛpÃ�½AÖ
Ä)¹�Á�³�´ ¾�Å�´ ³�Ã�¿�¿�Ã�Õv¶=¾�Ã�±&½ ³�Á�´ ¾�± ¾�Å�´ Ë3±?Ì ±�µD¹�Ã'ÀwÁ�Ã'³ ±&ÁJ¾ ±�µ£¾�Å�´ çm¹V¶=¾�´`¶:Á Ê�±�²�³�´)²�¿�è�éaÁ�²�ÃV¶:½
Ø\»�åZê Û]Ä)±&½�¿�Ã'³�´)²�¿u±&½�¹�Æ ¾�Å�´ ¼nÃ�¿�Ä)±&Á�¿5³J²E¶sÇ ±�µ]¾�Å�´ ¹�Ã'ÀwÁ�Ã'³�¸�Ì5Å�Ã�¹�´ ¾�Å�´ · ±A³�´.¹G±�µyÍ ´`¶:Ã�²�´ à1á>â�ã�ä
Ø\»�å&å�ÛIÃ�¿ ¶:½ ´�ÀwÁ�Ã�¹�Ã�Ê�²�Ã�Á�· Ä ¶:¹'Ä)Á�¹V¶=¾�Ã�±&½ Ã�½Z¼f±&¹�¼nÃ�½�Ç ÀwÁ9¶:¿�Ã�¿,¾$¶=¾�Ã'Ä ¿,¾�´)Õ�¿xÃ�½ ¾�Å�´ ¿,¾�²E¶:Ã�½ ¾�Å9¶=¾�³�±
½�±K¾¦Ã�½Z¼f±&¹�¼f´ ¶:½ZÆ ³�Ã�¿�¿�Ã�Õv¶=¾�Ã�±&½GÈ ëC½ ¾�Å�´ çe±K¾�¾�¿x· ±A³�´.¹Â¸v¾�Å�´ ´1¼f±&¹�ÁJ¾�Ã�±&½ · Ã�½�Ã'· Ã�ì�´.¿U¾�Å�´ ¾�±K¾$¶:¹
µ¤²�´.´ ´.½�´)²�Ç�Æ ½9¶=¾�Á�²E¶:¹�¹�ÆfÈ

ºlÅ�´ ¶�¼�¶:¹V¶:½�Ä$Å�´YÖ�¹�Ã�Òc´ ½9¶=¾�Á�²�´ ±�µa²�´`¶s²�²E¶:½�Çc´�· ´.½Z¾�¿ ¶sÕ�Õ�´`¶s²�¿ Ã�½ ¾�Å�´ ¿�Á�³�³�´.½ ³�´�Ä1²�´`¶:¿�´.¿
±�µl¾�Å�´ ¿,¾�²�´.¿�¿ í�¶:¿ Ä ¶:¹'Ä)Á�¹V¶=¾�´�³ µ¤²�±c· ¾�Å�´ ¾�±K¾$¶:¹£Ê�±&Á�½�³3¶s²,Æ ¹�´.½�Ç�¾�Å¥î ¶:½�³ ¾�Å�´ ¾�±K¾$¶:¹¢´.¹V¶:¿,¾�Ã'Ä
´.½�´)²�Ç�Æ ¶:¿ ¶ µ;Á�½�ÄN¾�Ã�±&½ ±�µ5¾�Ã'· ´&È Ý�Ã�ÇcÁ�²�´ å�È'»&» ¿�Å�±?Ì5¿ ¾�Å�´ ²�´.¹V¶=¾�Ã�±&½ Ê�´1¾jÌ>´.´.½ ¿,¾�²�´.¿�¿ ¶:½�³
¾�Å�´ ½�Á�· Ê�´)²5±�µpº » ´1¼f´.½Z¾�¿5Ã�½ ¶:½ ±�²�³�´)²�´�³ µ;±Z¶K· Á�½�³�´)²d¿,¾�´`¶K³nÆ ¿�Ã'· Õ�¹�´ ¿�Å�´`¶s²5µ;±�²a¶ ¿�· ¶:¹�¹
¿,¾�²E¶:Ã�½GÈ|ºlÅ�´¦¿,¾�±�²�´�³ ´.½�´)²�Ç�Æ Ã�½�Ä1²�´`¶:¿�´.¿u¶:¹'· ±&¿,¾z¹�Ã�½�´`¶s²�¹�Æ Á�½Z¾�Ã�¹M¾�Å�´aÆnÃ�´.¹'³ ¿,¾�²E¶:Ã�½ Ã�¿z²�´`¶KÄ$Å�´�³�È
ºlÅ�´ ¶�¼�¶:¹V¶:½�Ä$Å�´.¿ ¶s²�´ ¿�´)Õv¶s²E¶=¾�´�³ ½�Ã'Ä)´.¹�ÆfÈ ïp¼f´)²,Æ Ä)¹�Á�¿,¾�´)² ±�µzº » ´1¼f´.½Z¾�¿ Ä)±�²�²�´.¿�Õ�±&½�³�¿ ¾�± ¶
³J²E¶:¿,¾�Ã'ÄU³J²�±�Õ Ã�½ ¾�Å�´d´.½�´)²�Ç�Æf¸A¶:½�³ ¾�Å�´UÕ�´)²�Ã�±A³�Ã'Ä)Ã�¾jÆ Ã�¿D³�Á�´5¾�± ¾�Å�´d±�²�³�´)²�´�³ ¿,¾�²�Á�ÄN¾�Á�²�´U±�µM¾�Å�´
µ;±Z¶K· Èeðz¾u¶ Å�Ã�ÇcÅ�´)²z¿�Å�´`¶s²�²E¶=¾�´&¸n¿�Å�±?Ì5½ Ã�½ Ý�Ã�ÇcÁ�²�´ å�È'»`ñn¸w¾�Å�´aÆnÃ�´.¹'³ ¿,¾�²E¶:Ã�½ ²�´�· ¶:Ã�½�¿l¶:¹'· ±&¿,¾
¾�Å�´>¿E¶K· ´&¸sÊ�ÁJ¾I¾�Å�´u¶�¼�¶:¹V¶:½�Ä$Å�´.¿�¿,¾$¶s²,¾e¾�±¦±?¼f´)²�¹V¶sÕ ¶:½�³ ¾�Å�´>¿,¾�²�´.¿�¿pÄ)Á�²,¼f´�Ê�´�Ä)±c· ´.¿e¿�· ±�±K¾�Å�´)²
¶:½�³ ¹�´.¿�¿e²�´)ÇcÁ�¹V¶s²�ÈeëC½ ¾�Å�´�¿E¶:½�³JÕ�Ã�¹�´u¶:½9¶:¹�±�Ç�Æf¸:Ã�½�¿,¾�´`¶K³ ±�µ�¶K³�³�Ã�½�Ç�¿E¶:½�³ Ç&²E¶:Ã�½�¿�±&½�´}¶=¾m¶5¾�Ã'· ´
¶:½�³ Ì}¶:Ã�¾�Ã�½�Ç Á�½Z¾�Ã�¹q±&½�´ ¶�¼�¶:¹V¶:½�Ä$Å�´ Ã�¿ ±?¼f´)² Ê�´)µ;±�²�´ ³J²�±�Õ�Õ�Ã�½�Ç ¶:½�±K¾�Å�´)² Ç&²E¶:Ã�½G¸]¾�Å�´ Ç&²E¶:Ã�½�¿

»�Ú&Ú



òsó�ô¦òKõ�õ�ô�õ ò=öuò ÷)ø&ù�ú,ö$ò:ùZöDóEò=ö�ô�ò:ù�õ ö�û�ô ò�ü�ò:ýVò:ù�÷$û�ô.ú�þ�ýVòsó�ÿcô¦ò:ù�õ ú�� ò:ý�ýÂþ�ø?üfô)ó�ýVò�� ����ö�û ô`òK÷$û
øKö�û�ô)ó�� 	 õ
��ú�ø�ó�õ�ô)ó�ô�õ �;øZò�� þ�û�ø�>ô1üfô)ó�þ�� ò�� ù�øKö û9ò�üfô ò ����ô.ý'õ ú,ö�óEò���ù ������ÿ���ó�ô �
������� �"! �
ô1üfô.ùZö�úeøA÷.÷#��ó$�;ø�ó�ö�û�ô>ú�� ò:ý�ý�ô.ú,ö�ú,ö�óEò���ù��%!lû�ô&�;øZò�� '3ø�5úmò:ú|ò(')�*�'õ ����ö�û�ø+�JöIÿcø+��ù�ÿaö�û�ó�ø+��ÿcû
ò:ù ��ùZö�ô)ó�� ô�õ
�Vò=ö�ô¦ô.ýVò:ú,ö��'÷�ø�ólü���ú�÷)ø�ô.ýVò:ú,ö��'÷¦ó�ô)ÿ���� ô+�

!�ø ú,ö���õ�� ö�û�ô ÷)ø�ó�ó�ô.ýVò=ö���ø&ù ,�ô1ö-�>ô.ô.ù ! �¦ô1üfô.ùZö�ú�þ.�>ô ÷)ø&ù�ú/�'õ�ô)ózö�û�ô0��ø�>ô)ólú1��ô�÷Nö�ó/�2� ø��
3 465/7 þJö�û�ô ù.�2� ,�ô)ó}ø��%! � ô1üfô.ùZö�ú5ò=ö5ô`òK÷$û ö���� ô�ú,ö�ô#� þ

8)9 4 :;7=< >�5 >�?)@BADCFEHGI3 465/7J3 465LK ?M7ON 4 �
�QP 7

����ÿ���ó�ôR�
�����xú�û�ø�5ú�ö-�S�2�'÷ ò:ýT��ø�>ô)ópú1��ô�÷Nö�óEòaø��9ö�û�ôzö���� ô>ú�ô)ó/��ô.úpø��U! �>ô1üfô.ùZö�úV��ù ò:ù ø�ó�õ�ô)ó�ô�õ
�;øZò�� �W	zö ò ú�û�ô`òsó¦óEò=ö�ô X < Y
NZY ��þoù�ø ��ø�>ô)ó¦ýVò�� ô\[
��ú,ö�ú]�;ø�óaö�û�ô ! � ô1üfô.ùZö�ú�� !lû�ô ��ô`ò�^
ò=ö _ � Y AS` ��ú õ
��ô ö�ø ö�û�ô ��ô)ó/��øAõ
�'÷#��ö-� ø��a,2�
,*,�ý�ô ú,ö�ó/��÷Nö���ó�ô ��ù ò:ù ø�ó�õ�ô)ó�ô�õ �;øZò�� �5û�ô.ù
ò brú�ýc�'õ
��ù�ÿ ��ýVò:ù�ôed õ�ô1üfô.ý�ø���ú�� 	zö ú�û�ô`òsó�óEò=ö�ô X < Y
NZYgf þoö�û�ô ú1��ô�÷Nö�ó/�2� ó�ô.ú�ô�� ,�ý�ô.úh�5û*��ö�ô
ù�ø+��ú�ô+�%	�úpö�û�ô}ú�û�ô`òsópóEò=ö�ôi��ù�÷1ó�ô`ò:ú�ô.úIö�øWX < Y
NZYgj þKö�û�ôk��ø�>ô)ó|ú1��ô�÷Nö�ó/�2� õ�ô1üfô.ý�ø���ú£òl��ø�>ô)ó
ýVò�� ö$ò���ý�ò=ö¢ö�û�ôxý�ø� �¤ó�ô�mn��ô.ù�÷o� ô.ù�õ�þ.����ö�û ò:ù ô\[T��ø&ù�ô.ùZöDüfô)óJ� ÷)ý�ø&ú�ôUö�ø ���qpCù ò õ
��ú�ø�ó�õ�ô)ó�ô�õ
�;øZò�� þ%����ö�û ��ù�÷1ó�ô`ò:ú/��ù�ÿ ú�û�ô`òsó óEò=ö�ô&þpö�û�ô ú1��ô�÷Nö�óEò �;ø�ó ö�û�ô ! � ô1üfô.ùZö�ú ÿ&óEòKõ
�9ò:ý�ýF� ÷$û9ò:ù�ÿcô
�¤ó�ø�� ÷)ø�� ��ý�ô1ö�ô.ýF� ��ù�÷)ø�ó�ó�ô.ýVò=ö�ô�õ �5û*��ö�ô ù�ø+��ú�ô�ö�ø �r : ò=ö5û*��ÿcû�ô)ó5ú�û�ô`òsó}óEò=ö�ô.ú��tsu� �r : þ
�>ô
� ô`ò:ù ò:ùD� ù�ø+��ú�ô�ø��)��ø�>ô)ó�ú1��ô�÷Nö�ó/�2� v 4 :;7 _ : ASw �5û�ô)ó�ôkx ��úIù�ô`òsóa���qy.��÷$û ù�ø+��ú�ôz��úV� ø�ó�ô
ô)ó�óEò=ö��'÷¢ö�û9ò:ù s£ó�ø�5ù*�Vò:ù ù�ø+��ú�ô&þgx < f þ�,2�Jö=� ø�ó�ô>ø�ó�õ�ô)ó�ýF� ö�û9ò:ù ��ù�÷)ø�ó�ó�ô.ýVò=ö�ô�õ �5û*��ö�ôlù�ø+��ú�ô&þ
x < Y � !lû�ô.ú�ô ��ø�>ô)ó�ú1��ô�÷Nö�óEò ú/��ÿ&ÿcô.ú,ödö�û9ò=ödö�û�ô ô\[T��ô)ó/��� ô.ùZö$ò:ýkó�ô.ú/��ý�ö�ú{�;ø�ól! � ô1üfô.ùZö�ú
�|�P+Pwþ��P�}I� ÷)ø�ó�ó�ô.ú1��ø&ù�õ ö�ø ò ý�ø� ú�û�ô`òsó>óEò=ö�ô&þS����ö�û ù�ø ý�ø&ù�ÿ�~CóEò:ù�ÿcô�÷)ø�ó�ó�ô.ýVò=ö���ø&ù ò�� ø&ù�ÿ ! �
ô1üfô.ùZö�ú�� yZö�ó/��÷Nö���óEò:ýzõ
��ú�ø�ó�õ�ô)ó ��ùZö�ó�øAõ
��÷)ô.ú ÷)ø�ó�ó�ô.ýVò=ö���ø&ù�ú ò�� ø&ù�ÿ ö�û�ô ô1üfô.ùZö�ú�� �eø�>ô)ó�~�ýVò��
ò�ü�ò:ýVò:ù�÷$û�ô.úzõ�ø ù�øKö}øA÷.÷#��óa��ù ø�ó�õ�ô)ó�ô�õ ��ø&ýF�J÷1óJ�nú,ö$ò:ý�ýc��ù�ô�ýVò=ö�ö��'÷)ô.úzø��]û�ô\[3òsÿcø&ù9ò:ýM÷)ô.ý�ý�ú5ò=ölý�ø�
ú�û�ô`òsó>óEò=ö�ô&þ.�5û�ô)ó�ôxó�ô`òsó�óEò:ù�ÿcô�� ô.ùZö�úDøA÷.÷#��ózú/��� ��ý�ö$ò:ù�ô.ø+��ú�ýF�g��	zö5ò û*��ÿcû ú�û�ô`òsózóEò=ö�ô&þ.�5û�ô.ù
ö�û�ô}ü�ò:ýc��ôUø�� �� A�� ��ú£÷)ø�� �vòsóEò�,�ý�ôlö�ø ö�û�ôdõ
��óEò=ö���ø&ù ø��Mó�ô`òsó�óEò:ù�ÿcô�� ô.ùZömô1üfô.ùZö�ú�þ&ö�û�ô�,2�
,*,�ý�ô.ú
� ø?üfô ÷)ø&ù�ú,ö$ò:ùZö�ýF�g� !lû�ô �;øZò�� ö�û�ô)ó�ô#�;ø�ó�ô ,�ô.û9ò�üfô.ú ü���ú�÷)ø+��ú�ýF�fþ�ú/��ù�÷)ô ó�ô`òsó�óEò:ù�ÿcô�� ô.ùZö�ú òsó�ô
��ù�õ
��÷)ô�õ � ò:ú,ö�ô)ó ö�û9ò:ù ,2�
,*,�ý�ô.ú ÷ ò:ù ú�ô1ö�ö�ý�ô ��ùZö�ø � ô1ö$ò:ú,ö$ò�,�ý�ô ÷)ø&ùT��ÿ���óEò=ö���ø&ù�ú �5û*�'÷$û ÷ ò:ù

�����



10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−8

10
−6

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

Power Spectra For Number of T1s

0.05

0.02

0.01

-1.0f

     f

S(
f)

(MCS    )-1

�������
�/� �
�����
�)�%��z�#� �1�����o�/�H� ��� ���*� ����� � �/�#�/�c�e� ��� ���*� �.�2�  ��#� ��� ¡ � ��¢g�e�D��� �c� ���
����£
�#�/��£ �6�D��� �6���a���
�/�e� �/�*�¤���i�H�B���e��¥T¦ § ¨
©Z¨*��¥2¨
©Z¨gª ���2£ ¨
©Z¨g«�¥T�/�e�1�����o���F¢g�e¬Fg�

��®g«



¯/°
±*±�²�³J´ ¯J´/³/µe¯/¯]µe¶¸·�¯J´�¹�º»·�¶c¶F¼g½W¾a´]´�¿*µe¯/µ ³H·B´�µe¯�ÀÁµ�ÂgµeÃ ·�Ã ²�³�Ä
µ#³/µ�Ä ¯J´/³/°2ºo´�°
³/µ Å�µe¿�·�Âgµe¯0¶c¹�Æ�µ ·
Ä
¹c¯/²�³�Ä
µ#³/µ�Ä ²+Ã*µ+À*¯/¹cÃ2º#µ ¹F´�¯R¯J¼TÇ Ç µ�´/³J¼ ·�Ã2Ä ±�µ#³/¹c²SÄ
¹�º#¹F´-¼ ·�³/µ Ä
µe¯J´/³/²¼gµ�Ä;½

È Ã · Ä
¹c¯/²�³�Ä
µ#³/µ�Ä É6²D·�Ç À%Ê�¿*µeÃ*µ�Âgµ#³ ²+Ã*µ Ë Ì µ�ÂgµeÃD´ ¿�·�±*±�µeÃ*¯�Àq´�¿*µ Ä
µ#É6²�³�Ç µ�Ä Å2°
Å*Å2¶cµe¯
³/µe¶cµ¤·�¯/µ µeÃ*µ#³1Í�¼ Ån¼ Â�¹c¯�º#²+°*¯ Ä
¹c¯/¯/¹�±M·B´�¹c²+Ã ·�Ã2Ä ·�¶c¯/² ´/³H·�Ã*¯1É6µ#³ ¯J´/³/µe¯/¯ ´�² ´�¿*µe¹�³ Ã*µe¹�Í�¿nÅ�²�³/¹cÃ
Í
Å2°
Å*Å2¶cµe¯�À�Ê�¿*¹�ºÎ¿ ¹cÃ ´�°
³/Ã ·�³/µ Ç ²�³/µ ¶c¹�Æ�µe¶F¼ ´�² °*Ã2Ä
µ#³1Í�² · Ë Ì�½ Ëk¿.°*¯�ÀÏË Ì µ�ÂgµeÃD´�¯0Å�µ�º#²�Ç µ
Ç ²�³/µkº#²�³1³/µe¶¸·B´�µ�Ä;½VÐ.¿*²Ê�Ã ¹cÃ Ñ�¹�Í�°
³/µ�Ò
½�ÌÓSÀ�´�¿*µi±�²Êzµ#³q¯1±�µ�ºo´/³H·WºÎ¿�·�Ã
Í�µaÉÔ³/²�Ç ´�¿�·B´=²�ÉMÊ�¿*¹F´�µ
Ã*²+¹c¯/µR´�²Êi·�³�Ä ÌÕ�Ö Ã*²+¹c¯/µ+½"× ¿*µeÃ ´�¿*µ�Ø2³/¯J´Ù¯/°TÚ º#¹cµeÃD´�¶F¼ ¶¸·�³1Í�µR³/µ#Í�¹c²+Ã ´�² ·�ºeº#°2Ç °*¶¸·B´�µR¯J´/³/µe¯/¯
°*Ã2Ä
µ#³1Í�².µe¯ Ë Ì µ�ÂgµeÃD´�¯�À�¹F´ ³/µe¶cµ¤·�¯/µe¯W¯J´/³/µe¯/¯ ·�Ã2Ä ±2°*¯/¿*µe¯ Ç ²+¯J´ ²�Éu´�¿*µ ³/µe¯J´ ²�Éu´�¿*µ Å2°
Å*Å2¶cµe¯
²Âgµ#³ ´�¿*µ Å*³/¹cÃ
ÆUÀ&º»·�°*¯/¹cÃ
Í ·�Ã Û�¹cÃTØ)Ã*¹F´�µ ·�Â�·�¶¸·�Ã2ºÎ¿*µ+½ÝÜ Ð.²�Ç µ Å2°
Å*Å2¶cµe¯ ¯JÊ�¹F´ÞºÎ¿ Ã*µe¹�Í�¿nÅ�²�³/¯�À
´/³/¹�Í+Í�µ#³/¹cÃ
Í ´�¿*µe¹�³uÃ*µe¹�Í�¿nÅ�²�³/¯ß´�² ³/µ¤·�³1³H·�Ã
Í�µ àá·�Ã2Ä ¯/² ²+Ããâ$°*ÃD´�¹c¶�·0Ø)Ã*¹F´�µRÉÔ³H·�ºo´�¹c²+Ã ²�ÉU´�¿*µRÉ6²D·�Ç
¿�·�¯zºÎ¿�·�Ã
Í�µ�Ä º#²+ÃTØ2Í�°
³H·B´�¹c²+Ã�ÀTº»·�°*¯/¹cÃ
Í · Ä
µ�º�³/µ¤·�¯/µh¹cÃ ´�¿*µ{´�²�´Î·�¶�¯J´�²�³/µ�Ä µeÃ*µ#³1Í�¼gÀSÇ ¹�Ç ¹�ºHÆS¹cÃ
Í
´�¿*µ º#².²�±�µ#³H·B´�¹FÂgµ Ä�¼�Ã�·�Ç ¹�ºWµ�ÂgµeÃD´�¯i¹cÃ · ³H·�Ã2Ä
²�Ç Ø)µe¶�Ä È ¯/¹cÃ
Í Ç ²SÄ
µe¶=ä|Ì�å�æ�ç ½

è Ã ´�¿*µ ²�´�¿*µ#³ ¿�·�Ã2Ä;Ài¹cÃ · ¿*¹�Í�¿*¶F¼ Ä
¹c¯/²�³�Ä
µ#³/µ�Ä É6²D·�Ç Àé´�¿*µ Å2°
Å*Å2¶cµe¯ Ê�¹c¶c¶{µe¯/¯/µeÃD´�¹¸·�¶c¶F¼
³/µ¤·�³1³H·�Ã
Í�µ=¹cÃ2Ä
µ#±�µeÃ2Ä
µeÃD´�¶F¼gÀ�¹�É2¯1±M·B´�¹¸·�¶nº#²�³1³/µe¶¸·B´�¹c²+Ã*¯LÉ6²�³$·�³/µ¤·(·�Ã2Ä ´�²�±�²+¶c²�Í�¼ ·�³/µ=Êzµ¤·�ÆU½"êV·�¹�³/¯
²�ÉãÅ2°
Å*Å2¶cµe¯u¯JÊ�¹F´ÞºÎ¿ ·�¯ß¯J´/³H·�¹cÃ µ\ë*º#µeµ�Ä
¯V´�¿*µe¹�³ß¶c²Sº»·�¶T¼�¹cµe¶�Ä ±�²+¹cÃD´�¯�½%¾h¶F´�¿*²+°
Í�¿ Ç ²�³/µzÉÔ³/µ�ìn°*µeÃD´»À
´�¿*µ ·�Â�·�¶¸·�Ã2ºÎ¿*µe¯ Ê�¹c¶c¶(Å�µ ¯�Ç ·�¶c¶íÀzÊ�¹F´�¿*²+°T´ Ä
¹FÂgµ#³1Í�¹cÃ
Í º#²�³1³/µe¶¸·B´�¹c²+Ã ¶cµeÃ
Í�´�¿*¯�½ Ñ�¹�Í�°
³/µ Ò
½�Ì�å
¯/¿*²Ê�¯î´�¿*µÙ±�²Êzµ#³�¯1±�µ�ºo´/³H·RÉ6²�³%Ë ÌÙµ�ÂgµeÃD´�¯"É6²�³�·�¿*¹�Í�¿*¶F¼ Ä
¹c¯/²�³�Ä
µ#³/µ�Ä ¯J´/³/°2ºo´�°
³/µuÊ�¹F´�¿ ï;ðàòñLâ=ó
Ì�ôZÒgõ�½W× µ ²�Å2¯/µ#³JÂgµ Ã*² ±�²Êzµ#³0¶¸·�Ê Å�µe¿�·�Â�¹c²�³�À�µ�ÂgµeÃ ·B´ ¿*¹�Í�¿ ¯/¿*µ¤·�³0³H·B´�µe¯�½ Ëk¿.°*¯ · ¿*¹�Í�¿*¶F¼
Ä
¹c¯/²�³�Ä
µ#³/µ�Ä É6²D·�Ç ³/µe¯/µ�Ç Å2¶cµe¯�· ¿*²�Ç ²�Í�µeÃ*µe²+°*¯zÂ�¹c¯�º#²+°*¯aö)°*¹�Ä;½

è Âgµ#³l· ³H·�Ã
Í�µ ²�É$¯J´/³/°2ºo´�°
³H·�¶îÄ
¹c¯/²�³�Ä
µ#³R´�¿*µ ´�²�±�²+¶c²�Í�¹�º»·�¶�³/µ¤·�³1³H·�Ã
Í�µ�Ç µeÃD´�¯(·�³/µ ¯J´/³/²+Ã
Í�¶F¼
º#²�³1³/µe¶¸·B´�µ�Ä;½�Ëk¿*µ ìn°*µe¯J´�¹c²+Ã Ã�·B´�°
³H·�¶c¶F¼ ·�³/¹c¯/µe¯zÊ�¿*µ�´�¿*µ#³a´�¿*µ]´/³H·�Ã*¯/¹F´�¹c²+Ã Å�µ�´-ÊzµeµeÃ ´�¿*µe¯/µ º#²�³�÷
³/µe¶¸·B´�µ�Ä ·�Ã2Ä °*Ã2º#²�³1³/µe¶¸·B´�µ�Ä ³/µ#Í�¹�Ç µe¯ ¹c¯ ¯/¿�·�³1± ²�³ ¯�Ç ².²�´�¿�À�·�Ã2Ä Ê�¿�·B´ ·�³/µ ´�¿*µ ´/³H·�Ã*¯/¹F´�¹c²+Ã
±�²+¹cÃD´�¯�½ ølµ�´Î·�¹c¶cµ�Ä ¯/¹�Ç °*¶¸·B´�¹c²+Ã*¯ ¹cÃDÂg²+¶FÂ�¹cÃ
Í Ä
¹FùÁµ#³/µeÃD´ ¯J´/³/°2ºo´�°
³H·�¶kÄ
¹c¯/²�³�Ä
µ#³ ¯/¿*²+°*¶�Ä º#¶¸·�³/¹�Éú¼
´�¿*µe¯/µ ìn°*µe¯J´�¹c²+Ã*¯�½

êq³/µ�Â�¹c²+°*¯i¯/¹�Ç °*¶¸·B´�¹c²+Ã ä|Ì�ÒDÓ»ç"·�Ã2Ä µ\ëT±�µ#³/¹�Ç µeÃD´�¯ ä|ÌÓ�åBçLÇ µ¤·�¯/°
³/µ�Ä û ÀT´�¿*µ ·�Âgµ#³H·�Í�µ]Ã.°2Ç ÷
Å�µ#³ ²�ÉéË Ì µ�ÂgµeÃD´�¯W±�µ#³ Å2°
Å*Å2¶cµ ±�µ#³ °*Ã*¹F´ ¯/¿*µ¤·�³�Àî·�Ã2Ä º#¶¸·�¹�Ç µ�Ä ´�¿�·B´ û Êi·�¯ ¹cÃ2Ä
µ#±�µeÃ2Ä
µeÃD´

Ì�ü+Ò



10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−10

10
−8

10
−6

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

Power Spectra For Number of T1s

0.001

0.005

0.01

0.02

0.05

    f

S(
f)

f -0.95

(MCS     )-1

ý�þ�ÿ������ ���	��
������������������������� �! "�$#%�&��þ	' �&�����/þ(�)�*�! "�$#%�,+-��' .������! 0/ �&�213�)+4�$�zþ(+ � 5
þ(���!�76
5�������5  8�4�9' :<;>=�:@?BADC E�FHG%�!I�;>=J:LKMADC 
FONQP�AR 8�!�*S%13� ��#%�J�T�U���V�$�)�XW  Y����' E�FHEQE%�&�$� E�FHE3PM�

��Z4




10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−8

10
−6

10
−4

10
−2

10
0

10
2

10
4

Power Spectra for Number of T1s

0.001

0.01

0.05

           f

S(
f)

(MCS    )-1

[]\_^�`�a�b c�d	e�f�g�h�i�j�b�alk�m�b�n�o�a�p i!qro$s%b o$\	t b k�b�a�\(b)kui!qro$s%b v-`�t w�b�ali!qyx e b2z3b)v4o$ku\(v p z3b�a|{
} \(k�i!a } b�a�b } q8i4p9t ~<�>��~@�B�D� e!�Hc3�M���>�J~L�M�D� ��e!�H�Q�4��q8i!a*o$s�a�b)b k�s%bJpTaXa�pVo$b)k�d

e��Qf



10−4 10−3 10−2 10−1
0

1

2

3

4

5

6

7

8

9

10

Shear Rate

N

µ
2
(a)=21.3

µ
2
(a)=15.1

µ
2
(a)=2.5 

µ
2
(a)=2.36

10−4 10−3 10−2 10−110−3

10−2

10−1

100

101

Shear Rate

�]�_������� ���	����������� ����� �!�U� � �2�3�)�4 $¡ ¢���� �%�%�£  ¡�¤%�J¥T� ¢���� �����%��¦(�Q§ ¨ §©¥ª¡ ¥ �8�%��«� $�(�Q� �!�
¡�¤%�J¥T�¬��¥V $�Q§��§®�8�!�¬�8�Q���¯¡�¥9� ¢�¦(�)¡��*°±²�³¥T���)¡l«��!�����)¡�¢��Q��´  $� ¥ �8�4¥9� �!�*��µQ¶ �����%��¦(�)¡�§®·¯�£ $¤
¸>¹�º@»B¼ ½ �!¾H�3¿M§ ¸>¹�ºLÀM¼ ½ Á �!¾HÂQÂ�� °4 Ã¥T��¡ «��!�����)¡�¢��Q��´  $� ¥ �8�4¥9� �!� ÁVÄ � �����%��¦(�)¡ ·¯�£ $¤
¸>¹�º@»B¼ ½ �!¾ÆÅ Á § ¸>¹�ºLÀM¼ ½ �J¿M¾	�!� �0���Ç¥ª����¦(�)¡ «��!�����)¡�¢��Q��´  $� ¥ �8�4¥9� �!�*Â4ÅQÅ �����%��¦(�)¡�§0·¯�£ $¤
¸>¹�º@»B¼ ½ �!¾H¶4Å§ ¸>¹�ºLÀM¼ ½ Á ¾O¿9¶�� È��_�$«�¦(�)¡ «��!�����)¡�¢��Q��´  $� ¥ �8�4¥9� �!�ÉÂQµQ¶ �����%��¦(�)¡�§�·¯�£ $¤
¸>¹�º@»B¼Ê½ ¶�¾H�3¿M§ ¸>¹ËºLÀM¼Ê½ Á ¾HÂ3¿M� �X¤%� �(�%¡��2  ¡�¤%��·¯¡ �Q� ¥ ¦(�!�ªÌÍ¦(�!� ¡$«Î¥ª¦(�  $¤³¥V   $¤%� ¨ �!¥ª¦(�%�)¡
´��£ÏÐ���U�²Ñ ¡��2�3����¥ª¦Ò�!�$´�����¡¬�!��� ¥T���%�£ $��´��Q�

�!�¬ $¤%� ¡�¤%�J¥T� ��¥V $�Q� Ó&��� ¡��	� �%¦Ç¥V $�(�Q� ���)¡��%¦£ $¡�§y�Ô¥ª¡���´ �Q�  $¤����)� ´��£ÏÐ�����)�4  ¡�¥9� ¢�¦(� �8�4¥9� ¡
¥ª��´ ¡�¤%�J¥T�u��¥V $�)¡Ê«����3�����(���  Õ·�� �!�$´�����¡&�!�y� ¥T���%�£ $��´��Q§�¤%��·��2�3����§�´��(¡�¥T�Q���)�Q�lÖu¡Ê¡�¤%��·¯� �(�
�]�_������� ���	����§ ¨ ´���¢��)��´�¡&¡��)�%¡��£ $�£�3�)¦£Ñ �Q� ���9 $¤  $¤%� ¢��Q¦£Ñ�´��(¡�¢�����¡��£ ÕÑ �!�� $¤%� �8�4¥9� ¥ª��´  $¤%�
¡�¤%�J¥T�Ê��¥V $�Q� Ó&�%¦£Ñ ¥V É¦Ç¥T����� ¡�¤%�J¥T�Ê��¥V $�)¡,´��-�)¡ ¨ ¡��)���  $� ��� �(��´���¢��)��´��)�4  �!�y $¤%� ¡�¤%�J¥T�
��¥V $�Q§M·¯¤%�	«Ã¤ � �_��¤4 U�Ø×�¢�¦Ç¥ª�(�  $¤%� ¥T�����3� � �)�4 $�(�Q�%��´ �Ø×�¢������	� �)�4 Ã¥ª¦>´®¥V Ã¥ ÙÚ��ÅªµVÛÜ�

�X¤%� ¥��!¥ª¦Ç¥ª��«Ã¤%�)¡X¥ª��´ ��Ý!Þ ¢���·�����¡�¢���«� ���¥ ¥T���&����� �(�%�(¡$«��)�4 ��!�]¥ �-��� �������!�B�Ø×®¥9� ¢�¦(�)¡
·¯�£ $¤ � ¥ª�4Ñ ´����Q���)�)¡ �!�,�Y���)��´���� ¥ª��´ ´��(¡�¡��_¢Ô¥V $�£�3� ´MÑM�³¥9� �	«�¡ ·¯¤%�	«Ã¤ ¡��)¦_�ÇÌÍ�!���²¥ª�%�_ß�� �(�4 $�

��ÂQ�



à|áÃâVá$ã)àäá$å³âVáæâTç�ã�èÔâTç�ã)é£ê à|áÃâTè�é(ã ëÚì�í3î�ïÜð©ñ-ò	ó ô�é(ãRãØõ®â9ó ô�é(ã)àBò(ö�÷�é(ø�ù�ãúà|á$ò	÷�û3üÍà�é(ò_ô ó ýù�ã)é(à�þTù�ç�ò£ÿ3ã)ö
÷Ãå³âªò(ö%àÉý��Rö%ýQö%é(ò(ö%ãJâTç ýQà$÷�ò(é(éÇâVá$ý!ç�à�þäâªö�ù à�âªö�ù�ô�ò(é(ã ó ýù�ã)é(à�ð � ö à�âªö�ù�ô�ò(é(ã ó ýù�ã)é(à�þÒè�ý9á$å á$å%ã
ã)ö%ã�ç��!ê ù�ò(à�à�ò_ôÔâVá$ò(ýQö ç�âVá$ã �8á$ý9áÃâªé�ö-ø�ó è�ã�çDý���á�ç�âªö%à�ô�ý!ç|áRã2ÿ3ã)ö4á$àúâVá�ãJâ9÷Ãå á$ò	ó ã¬à|á$ã�ô�� âªö�ù á$å%ã
ýQø�á�ô�ø�áU÷�ø�ç�ç�ã)ö4á �8á$å%ã,ö-ø�ó è�ã�ç ý��Bà�âªö�ù �Qç�âªò(ö%à*é(ãJâ�ÿMò(ö�� á$å%ã&ô�ò(é(ã	�Rà�å%ý�
 ô�ý�
�ã�ç7üÍéÇâ�
 à$÷Îâªé(ò(ö��
ò(ö á$å%ã)ò_çDù�ò(à|á�ç�ò_è�ø�á$ò(ýQö%à�ð� ö ôÔâTç|á$ò	÷�ø%éÇâTç�þQò��Ôá$å%ã�â�ÿ!âªéÇâªö�÷Ãå%ã)à©ù�ý ö%ý9áyý�ÿ3ã�ç�éÇâTô"þªá$å%ã)ö á$å%ã*ô�ý�
�ã�ç
à�ô�ã�÷�á�ç�ø�ó ý��Rá$å%ã ýQø�á�ô�ø�á ÷�ø�ç�ç�ã)ö4á �8ýQé(é(ý�
¯à â ô�ý�
�ã�ç éÇâ�
 
¯ò£á$å â �®ö%ò£á$ã à�ò���ã ÷�ø�á$ý�� ëÚì�í��VïÜð
ì�����üÜáÕêô�ã ô�ý�
�ã�ç&à�ô�ã�÷�á�ç�â ç�ã)à�ø%é£á��Yç�ý�ó ç�âªö�ù�ý�ó à�ø�ô�ã�ç�ô�ýQà�ò£á$ò(ýQö ý��yò(ö�ù�ò£ÿMò	ù�ø³âªé â�ÿ!âªéÇâªö�÷Ãå%ã)à
ëÚì�í��ÎïÜð

���yá$å%ã âªö³âªé(ý��!ê 
¯ò£á$å à�âªö�ù�ô�ò(é(ã)à,å%ýQé	ù�à�þ�
�ã à�å%ýQø%é	ù ãØõ�ô�ã�÷�á&á$å%ã ô�ý�
�ã�çÊà�ô�ã�÷�á�ç�â ý��©á$å%ã
á$ò	ó ãÊù�ã�ç�ò£ÿ!âVá$ò£ÿ3ã&ý��Bã)ö%ã�ç��!ê á$ý è�ã ì���� þ%âªö�ù á$å%ã&ô�ý�
�ã�ç�à�ô�ã�÷�á�ç�â ý��"á$å%ã,ã)ö%ã�ç��!ê á$ý è�ã �����Îð
 ø�á !]ò���ø�ç�ã)à ��ð#"�$�þ%��ð#"�ì âªö�ù ��ð#"�"Mþ�á$å%ã ÷�ý!ç�ç�ã)à�ô�ýQö�ù�ò(ö�� ô�ý�
�ã�ç à�ô�ã�÷�á�ç�â �8ý!ç & �Yç�ý�ó á$å%ã
à�â9ó ã à�ò	ó ø%éÇâVá$ò(ýQö%à âªà �'��ø�ç�ã)à ��ð	ì���þ��ð	ì��þyâªö�ù ��ð	ì�í�þrý!è²ÿMò(ýQø%à�é£ê ù�ý ö%ý9á à�å%ý�
 � ���)( *,+.-)+
á$å%ã á$ý!ô�ýQé(ý���ò	÷Îâªé ç�ãJâTç�ç�âªö���ã�ó ã)ö4á$àÊâTç�ã ö%ý9áÉò(ö á$å%ã à�â9ó ã ø%ö%ò£ÿ3ã�ç�à�âªé(ò£áÕê ÷�éÇâªà�à âªàÊà�âªö�ù�ô�ò(é(ã)à�ð

� ö ôÔâTç|á$ò	÷�ø%éÇâTç�þ/!]ò���ø�ç�ã ��ð#"�" à�å%ý�
¯à â ÷�ý�ó ô�é(ò	÷ÎâVá$ã�ù á�ç�ã)ö�ù ( á$å%ã à�é(ý!ô�ã ý��yá$å%ã ô�ý�
�ã�ç
à�ô�ã�÷�á�ç�ø�ó ò(ö�÷2ç�ãJâªà�ã)à0�Yç�ý�ó â à$ó âªé(é ÿ!âªé(ø%ã âVá¬à�å%ãJâTç*ç�âVá$ã21 3 $�45$�$%ì&á$ý â ô�ý�
�ã�çXéÇâ�
 � �7698;:
à�ôÔâªö%ö%ò(ö�� ý�ÿ3ã�ç=< ù�ã�÷Îâ9ù�ã)à¯âVá01 3 $�45$�$3îMð  ø�álâªà á$å%ã à�å%ãJâTç�ç�âVá$ã>1 ò(ö�÷2ç�ãJâªà�ã)à�þá$å%ã,ô�ý�
�ã�ç
éÇâ�
 ù�ò(à�âTô%ô�ãJâTç�à�ð?� ö â9ù%ù�ò£á$ò(ýQö þ�â @ âVáúáÃâªò(é�ù�ã2ÿ3ã)é(ý!ô�à*âVá�å%ò���å �Yç�ã�A²ø%ã)ö�÷�ò(ã)à ù�ø%ã�á$ý B âªø%à�à�òÇâªö
ö%ýQò(à�ãQðDClá$å%ã�çRù�òE�Ðã�ç�ã)ö4áúà�é(ý!ô�ã)à âTô%ô�ãJâTç�àRý�ÿ3ã�ç�ù�òE�Ðã�ç�ã)ö4á�ç�ãF��ò	ó ã)à�þ3ò(ö�ù�ò	÷ÎâVá$ò(ö�� á$å%ã�ãØõ�ò(à|á$ã)ö�÷�ã
ý���ó ø%é£á$ò_ô�é(ã,á$ò	ó ã)à$÷Îâªé(ã)à¬âªö�ù é(ã)ö��!á$å%à$÷Îâªé(ã)à�ð

��ðOî ñ4á�ç�ø�÷�á$ø�ç�âªéHG&ò(à�ý!ç$ù�ã�ç

I à à|á�ç�ø�÷�á$ø�ç�âªé�ù�ò(à�ý!ç$ù�ã�ç�ô�éÇâ�êMà*âªö ò	ó ô�ý!ç|áÃâªö4áúç�ýQé(ãuò(ö ó ã�÷Ãå³âªö%ò	÷Îâªé®ç�ã)à�ô�ýQö%à�ãQþJ
�ãuà|á$ø�ùMê
á$å%ã*ãK�Ðã�÷�á ý���ù�ò(à�ý!ç$ù�ã�ç©ýQö á$å%ã êMò(ã)é	ù à|á�ç�âªò(ö âªö�ù á$å%ãXã2ÿ3ýQé(ø�á$ò(ýQö ý���ù�ò(à�ý!ç$ù�ã�ç©ò(ö �8ý4â9ó àæø%ö�ù�ã�ç
à�å%ãJâTç�ðML ã ó ãJâªà�ø�ç�ã á$å%ã êMò(ã)é	ù à|á�ç�âªò(ö þ âVáN
¯å%ò	÷Ãå á$å%ã ��ç�à|á�O ì â�ÿ!âªéÇâªö�÷Ãå%ã)à�ý÷)÷�ø�ç�þ³è²ê á$å%ã
ù�ò(à�ô�éÇâ9÷�ã�ó ã)ö4áDâVá©á$å%ã�á$ý!ô è�ýQø%ö�ù®âTç|ê ý��Ôá$å%ã0�8ý4â9ó ù�ò£ÿMò	ù�ã�ù è²ê á$å%ãXå³âªé���å%ã)ò���å4áyý��Ôá$å%ã0�8ý4â9ó
�<à�ò(ö�÷�ã á$å%ã à|á�ç�âªò(ö ò(ö á$å%ã ó ò	ù%ù�é(ã ý��©á$å%ã �8ý4â9ó ò(àP��ã�ç�ý7�Xç�ã)à$÷Îâªé(ã�ù è²ê á$å%ã â�ÿ3ã�ç�âQ��ã è�ø�è%è�é(ã

¯ò	ùMá$å ð

ìK<�$



10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

Power Spectra For Energy

0.01

0.02

0.05

f−0.75

f
-0.81

f

S(
f)

(MCS   )-1

RTS�UWV�XZY [�\#]�^�_'`%a�bcYFX d�e�Y�fhgZXji a�kNg9lmY YonmYFX�U�p k.a�X iqn a�X9r�YFXZY�r k.a�i�s Vmn'r�YFX dtg9Yui�r�p v'Vmw�x
dZlmYuiQXyk.a�X0g9l�XZYoY dZlmYuiQXyXjizg9Yod�{}| ~ ^��5^m���9^��5^�]�{'iqn'r ^��5^���\

�K���



10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

10
12

Power Spectra For Energy

0.001

0.005

0.01

0.02

0.05

f−0.70

f−0.40

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

10
12

Power Spectra For Energy

0.001

0.005

0.01

0.02

0.05

f−0.70

f−0.40

f

S(
f)

f -0.80

(MCS    )-1

�T���W���Z�����#�}���'�%���c�F���������h�Z�j�c���7�9�m���o�m�F�������.�����y ��¡�Z���9 ��F�Z�� 2�.����¢ £¥¤§¦	¨ª©¬«� ®�¯5°m��±�¤§¦u¨³²�«D
´ ¯#��µ	¶��.���0·m¸�� �Z�m�u�Q�¹�j�z�9�o��º}»  ®�¯5®�®m��±9®�¯5®�®�µ�±9®�¯5®m��±9®�¯5®���º��q�'  ®�¯5®�µ��

�K¼7�



10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
−4

10
−2

10
0

10
2

10
4

10
6

10
8

10
10

10
12

Power Spectra For Energy

0.001

0.005

0.01

0.02

0.05
f -0.8

f

S(
f)

(MCS   )-1

½T¾�¿WÀ�ÁZÂ Ã�Ä#Å�Å�Æ'Ç%È�ÉcÂFÁ Ê�Ë�Â�ÌhÍZÁjÎ È�Ï Í9ÐmÂ ÂoÑmÂFÁ�¿�Ò Ï.È�Á Î Ó�ÂFÁtÒ Ô�¾¡ÊZÈ�Á9Ô�ÂFÁZÂ�Ô Ï.È�Î�Õ Ö¥×§Ø�Ù�Ú Û Ü
Ý�Þ Ã�ß�à�×§ØuÙ³á�ÛDÜ Å Ý�Þ5â�âQã Ï.È�Á0ämÓ�Â ÊZÐmÂuÎQÁ¹ÁjÎzÍ9ÂoÊ�å}æ Ü ç Þ ç�ç Ý à9ç Þ ç�ç�ß�à9ç Þ ç Ý à9ç Þ ç�Å�å�ÎqÑ'Ô ç Þ ç�ß�Ä

ÝKè�â



éTê�ëWì�íZîcï�ð#ñ�òôóZõmö�÷ôó¬ø9õmî�ù�ê¡îoúüû ótøZíjýqê¡þ ýqóÿý��.ìmþ��hø9ê¡ö�þ ö��móZõmîuýQí íjýzø9î����	�
�.ö�íTû�ê�� îFíZîoþ�ø�.ö�ý��
û�ê¡óZö�í9û�îFíZó�ð é'ö�í ýqþ ö�í9û�îFíZî�û �.ö�ý�� ýzø ú¡ö�÷ óZõmîuýQí íjýzø9îoó��¬÷ôõmîoþ ý óZú¡êüû�ê¡þ�ë �'ú ýqþmî û�î���îoú¡ö��'ó
ê¡þ ø9õmî � êüûmû�ú¡î ö�� ø9õmî �.ö�ý�� �?ø9õmî ù�ê¡îoúüû ótøZíjýqê¡þ ê¡ó ø9õmî ójý�� î �.ö�í ýqú¡úyóZõmîuýQí íjýzø9îoó�ð �yõmê¡ó
î��Jì�ýqú¡êEø ù ê¡ó î�����î��hø9î�û ��î��)ýqìmóZî � � î���îoþ�ø9ó ö����Fì�í ýqú�� ö�ótø2óZê�� ìmúEø ýqþmîoö�ìmóZúEù ê¡þ ø9õmî óZú¡êüû�ê¡þ�ë
�'ú ýqþmî���óZö ø9õmî �'ì����'ú¡î óZê! �î û�îKø9îFí"� ê¡þmîoó ø9õmî ù�ê¡îoúüû ótøZíjýqê¡þ�ð #0ø õmê�ëWõ óZõmîuýQí íjýzø9îoó��$� �
î���îoþ�ø9ó0û�ê¡ótøZíZê!�'ì}ø9î � ö�íZîPõmö%� ö�ëWîoþmîoö�ìmóZúEù ø9õ�íZö�ì�ëWõmö�ì}ø0ø9õmî&�.ö�ý�� ��÷ôõmê�� õ ú¡ö�÷cîFíZóMø9õmî�ù�ê¡îoúüû
ótøZíjýqê¡þ�ð �yõmî ì�����îFí ú¡ê�� êEø �.ö�í2ø9õmî ù�ê¡îoúüû ótøZíjýqê¡þ ê¡þ ýqþ ö�í9û�îFíZî�û �.ö�ý�� ê¡ó ñ%')( ò��/÷ôõmîoþ ýqú¡ú
ø9õmî ��îFítø9ê��Fîoó ê¡þ ý õmî�� ýQëWö�þ�ýqú*�'ì����'ú¡îoó ýQí�íjý�ù óZê�� ìmúEø ýqþmîoö�ìmóZúEù ��î��Fö%� î �.ö�ì�í,+-�.ö�úüû ìmþ'û�îFí
óZõmîuýQí�ð �yõmî þ7ì��Fú¡îuýzø9ê¡ö�þ ö���û�î.�.î��hø9ó /102+43 óZêüû�î�û �'ì����'ú¡î � ýqê�íZó65 ýqþ'û ø9õmîoê�í$�míZö�� ýQëJýzø9ê¡ö�þ ê¡þ
íZîuýqú7�.ö�ý�� ócú¡ö�÷cîFí=ø9õmî>ù�ê¡îoúüû ótøZíjýqê¡þ�ð�é'ö�í¹û�ê¡óZö�í9û�îFíZî�û �.ö�ý�� ó��7ø9õmî�ù�ê¡îoúüû ótøZíjýqê¡þ ê¡ó¹ú¡ö�÷cîFí8�.ö�í
õmê�ëWõmîFí óZõmîuýQí íjýzø9î ê¡þ ø9õmî ójý�� î �.ö�ý�� 9 ýqþ'û ýzø ø9õmî ójý�� î óZõmîuýQí íjýzø9î�� ø9õmî ù�ê¡îoúüû ótøZíjýqê¡þ
û}íjýqótø9ê��)ýqú¡úEù û�î��KíZîuýqóZîoó ø9ö  �îFíZö ýqó û�ê¡óZö�í9û�îFí ê¡þ��KíZîuýqóZîoó��:�Fö�þ�;'í"� ê¡þ�ë ø9õ�ýzø ý õmê�ëWõmîFí óZõmîuýQí
íjýzø9î õ�ýqó ýqþ î�� î��hø¹óZê�� ê¡ú ýQí0ø9ö ø9õ�ýzøôö��ÿý õmê�ëWõmîFíôû�ê¡óZö�í9û�îFí�ð

�yõmî�� ö�ótø<�Fö%� � ö�þmúEù ìmóZî�û � îuýqóZì�íZî*�.ö�í ø9ö���ö�ú¡ö�ëWê��)ýqúmû�ê¡óZö�í9û�îFí?ê¡óø9õmîyóZî��Fö�þ'û � ö%� îoþ�ø
ö��Dø9õmî ø9ö���ö�ú¡ö�ëWê��)ýqúÿû�ê¡ótøZíZê!�'ì}ø9ê¡ö�þ=�?>A@B/DCE5 ð F î ìmóZî�û ójý�� �'ú¡îoóP÷ôêEø9õ ê¡þmêEø9ê ýqúG>A@H/DCE5Níjýqþ�ëWê¡þ�ë
� íZö%� I�JLK�ò)3 ø9ö ñMJNI�ñM�O�'ì}ø õ�ý���î þmö�ø ö��'óZîFíP��î�û ýqþ�ù óZõmîuýQí,+ ê¡þ'û�ì��Fî�û ö�í9û�îFíZê¡þ�ëQ�GRTSVUWS íZî�û�ì��6+
ø9ê¡ö�þ ö��?>A@H/DCE5÷ôêEø9õ óZõmîuýQíZê¡þ�ëQ��ýqó íZî.��ö�ítø9î�û ê¡þ XY��ï�ï�Z�ð<[ þmótø9îuý�ûA��>A@H/DCE5�ê¡þ��KíZîuýqóZîoó0ýqþ'û þmî���îFí
û�î��KíZîuýqóZîoó*� ý��]\ ø9ö êEø9óyê¡þmêEø9ê ýqú§ìmþmótøZíjýqê¡þmî�û ��ýqú¡ìmî�� ýqó0óZõmö�÷ôþ ê¡þ éTê�ëWì�íZî ï�ð#ñ�K ø9õmî2î���ö�ú¡ì}ø9ê¡ö�þ
ö��^>A@H/DCE5%ê¡þ ý$�.îK÷ ójý�� �'ú¡îoó÷ôêEø9õ û�ê�� îFíZîoþ�ø�ê¡þmêEø9ê ýqú û�ê¡óZö�í9û�îFíZó�ð:�yõmîôû�ê�� îFíZîoþ��Fî_��îKø ÷cîoîoþ ø9õmî
óZê�� ìmú ýzø9ê¡ö�þmó ö��OF îuýqê�íZî U�`ba�c!S ýqþ'û ø9õmî$d%ö�ø�ø9óe� ö û�îoú ê¡ó=þmö�ø=óZì�íf�míZê¡óZê¡þ�ë ðgF îuýqê�íZî U�`	a�c!S�ý
�M+
�'ú¡ê¡î�û ótø9î.� ótøZíjýqê¡þ ýqþ'û ö��'óZîFíP��î�û ø9õmî íZîoú ýH��î�û � ýzø�ø9îFíZþ�ðe[ þ ö�ì�íôóZê�� ìmú ýzø9ê¡ö�þmó����'ì����'ú¡îoó�ýQíZî
�Fö�þmótø ýqþ�ø9úEù ìmþ'û�îFí óZõmîuýQí�ð:�yõmîh�.ö�ý�� ê¡ó�ø9õ7ìmó	� ýQíi� íZö%� î��Jìmê¡ú¡ê!�míZê¡ì�� ðG�yõmî ø9ö���ö�ú¡ö�ëWê��)ýqú�û�ê¡ó,+
ö�í9û�îFí��mýqó_� îuýqóZì�íZî�û �Jù >A@H/DCE56� ø9õmîFíZî.�.ö�íZî>û�ö7îoóyþmö�øyþmî��FîoóZójýQíZê¡úEù óZîKø�ø9ú¡îPø9ö ýqþ î��Jìmê¡ú¡ê!�míZê¡ì��
��ýqú¡ìmî�ð

[ þ ýqþ ö�í9û�îFíZî�û �.ö�ý�� ýzø ý ó"� ýqú¡ú óZõmîuýQí0íjýzø9î /D� j I�JNI��H56� ÷ôêEø9õ óZî.� ýQíjýzø9î�û ý���ýqú ýqþ�� õmîoó��
>A@H/DCE5	k ì��hø9ì�ýzø9îoó ê¡þ ótù�þ�� õ�íZö�þ�ù ÷ôêEø9õ ø9õmî û�î��KíZîuýqóZîoóyö�� ótøZíZîoóZó���ýqó¹óZõmö�÷ôþ ê¡þ éTê�ëWì�íZî ï�ð#ñ�0�ð

��K�K



0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Shear Rate β

Y
ie

ld
 S

tr
ai

n

µ
2
(n)= 0  

µ
2
(n)=0.81

µ
2
(n)=1.65

lm!n%o�prq s�tvu�w�xzy{m|q�}�~ �P�rp]��m|� ����� �Vo������"m|��� ����r��q2�
p�p]���"q�t

���z�



0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
0.5

1

1.5

2

2.5

3

3.5

Time (MCS)

µ 2(n
)

µ
2
(n)=0.81

µ
2
(n)=1.65

µ
2
(n)=1.72

µ
2
(n)=2.02

��!�%���r�$���v���Q���G�����|���"�|��� �� =¡A¢B£D¤E¥¦����§��.�*¨P�"�2©�§Mª «����!¬ ¨r��2©
���G®?�.�%����§ §��������"��¨¯�"��°�|�����"�±©��
¡A¢H£D¤E¥6�

² �)�



³_´�µ ¶�· ¸�¹|º�»"¼�½�µ ¾�¿ÁÀAÂHÃDÄEÅ ÆQ¼�Ç�»"¼È¶�»"µ�É ¿ËÊr¾%· Ì�ÍLÎ)Ï)Ð »"¾ Ì�ÍvÑ�Ì�Ì�Ò¯¶�É Ér´�¾HÓhÔ º|Ô Õº!Ö%¼�Êrµ ×�ØvÙ�ÑMØ
Ú ¼�Êrº|Ô�Ö »"´�µ ¸Ûµ.Êrº|¾�½ ¾�¿¦ÉP»rÊrµ�ÉrÉ$º|Ô�Ç�Êrµ2¶�Érµ�Ò^ÀAÂHÃDÄEÅh½�¾zµ�É&Ô�¾�»&º|Ô�Ç�Êrµ2¶�Érµ ÜÛµ�ÇW¶�¼�Érµ »"´�µ »"¾�¸Û¾�¹|¾�Ö�Ý
Êrµ�· ¶�º|Ô�ÉÞÊr¾�¼�Ö%´�¹�Ý Ç.¾�Ô�ÉP»ß¶�Ô)»WØà-Ô�ÉP»"µ2¶�½ ÀAÂá¸Ûµ2¶
â�Éã¶�»E»"´�µiÜÛµ.Ö%º|Ô�Ô�º|Ô�Ö°¾�¿Q¶�ä�¶�¹±¶�Ô�Çß´�µ�É�Ò2Óh´�µ�Ô »"´�µ
»"¾�¸Û¾�¹|¾�Ö%º�ÇW¶�¹:Êrµ2¶
ÊfÊ]¶�Ô�Ö%µ�· µ�Ô)»"É&Ü�Êr¾)¶�½�µ�Ô »"´�µ »"¾�¸Û¾�¹|¾�Ö%º�ÇW¶�¹<½�º|ÉP»rÊrº!Ü�¼�»"º|¾�Ô º|Ô ¾�Ê"½�µ.Êrµ�½ ¿V¾)¶�· É�Ø
å µ2¶
Êb»"´�µ µ�Ô�½ ¾�¿æ»"´�µ ¶�ä�¶�¹±¶�Ô�Çß´�µ�É_¾�¿g³ ç.É�Ò�ÀAÂHÃDÄEÅèÊrµ�»"¼�ÊrÔ�É_»"¾ º�»"É�µ�éê¼�º|¹|º!Ü�Êrº|¼�· ä�¶�¹|¼�µ�Ø

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 104

1

1.01

1.02

St
re

ss

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 104

0.44

0.46

0.48

0.5

µ 2(n
)

Time (MCS)

ëì!í%î�ïrð ñ�òvó�ôMõ�öG÷�ø�ù|î�ú"ì|ø�û ø�ü ýAþHÿ���� î�û���ð.ï �Pú"ð��	��
 �rì� ��ù|ð ����ð��
ï üVø�ï ��û ø�ï���ð.ïrð�� üVø��	� �
����ø��hì|û�í ú���ð �.ø�ïfïrð�ù���ú"ì|ø�û �Ûð�ú��8ð�ð�û ú���ð �Púrïrð�������ð���ïrð����rð�����û�� ýAþHÿ����6ò

��ø�ú"ì�.ð8ú�� ��ú¦ì|û ú���ð!�Púrïrð����#"1ú"ì� ð$��ù|ø�ú��hÿ ëì!í%î�ïrð��iñ�òNñ%��ñ�ò&'&(��ñ�ò&2ó)��û�� ñ�ò&+*,�%ñ�ò&2ô-�.�'�Púrïrð����
�rù|ø��hù/
 ì|û���ïrð����rð��$��úeù|ø�û�í ú"ì� ð����0�Ûð��1��î2�rð��8ð3�.ø�û)ú"ì|ûzî�ø�î2�rù/
 �4�2��ù/
 ����ð��
ï5��û�� ú���ðÁüVø��	� ì6�
��ù/�7��
��hø�î�úÁø�ü:ð�8êî�ì|ù|ì9��ïrì|î�� ò7:èî%�2��ù|ð��;��ø û�ø�úÁüVî�ù|ù/
 ïrð��.øH÷�ð.ï_ú���ð�ì!ïÁø�ïrì!í%ì|û ��ù<��� �4�Ûð���ò!=!��ì6�
��ð.üVø�ï�� ��ú"ì|ø�û �rù|ø��hù/
 �	���.î�� î�ù���ú"ð�� ��ú ù|ø�û�í ú"ì� ð���ò >-û ��ì6�rø�ï���ð.ïrð�� üVø��	� ���bú"ø(�Ûø�ù|ø�í%ì�1��ù
ïrð��
ïfï?��û�í%ð�� ð�û)ú � ��
 ð�û2� ��û��.ð ú���ð �@�A��ú"ì���ù��.ø�ïfïrð�ù���ú"ì|ø�û ø�ü;��î%�2��ù|ð����;BDCFE1C �.ù|î2�Pú"ð.ïrì|û�í ø�ü

&+*HG



I�J K�L6LNM�O%M2M�L6P�I Q6R S�QJ P'T U�P�I�O2L/S�I V'R I@WAKXS�Q�K�LZY[V(\@\�P�L�KXS�Q6V'R2I)]FV(\)M�O%M2M�L6P S�V(W^V'L6V(_(`0acbdaeK�R�f
K4\�P�K g I�h2V'O2Lf M^P Q6R�i0P�IjS�Q9_kKXS�P�fcT
l T l mZn P�YoS�Q/i0P p�V�K	J qrQ6I�Y[V'I�Q/S�`

s R2P V(]eS�h2P _'\�P�KXS�P�IjStf%Q/u Y[O2L/S�Q6P�I�Q6R K4W2W�L/`�Q6R%_ S�h2P vwV	S@S�I�J VHf%P�Lx]FV�K	J I�QJ O2L�KXS�Q6V'R2IyS�V
S�h2P K�R K�L/`�I�Q6IzV(]{P}|~W^P[\�QJ P�R�S�ItQ6IzV'O%\zQ6R K4M�Q6L6Q/S�` S�V f%P[\�Q/i0P S�h2P i�Q6I�Y[V'I�Q/S�` ]�\�V-J S�h2P I�QJ O2L�K��
S�Q6V'R WAK4\?K	J P+S�P[\�I�T � P W2\�V(W^V'I�P K ]FP+� J P+S�h2VHf%I S�V J P�K�I�O%\�P S�h2P P n P�YoS�Q/i0P i�Q6I�Y[V'I�Q/S�` V(]
I�QJ O2L�KXS�P�f ]FV�K	J I�T

E

E1

0

η

pNQ9_-O%\�P l T�� l%�A� Y�h2P�J KXS�QY)V(]eS�h2P ��P�L/i�Q6R � VHf%P�Lc]FV(\7L6Q6R2P�K4\!i�Q6I�Y[V�P�L�K�IjS�QY[Q/S�`0T

� I�I�O�J Q6R%_ S�h KXS S�h2P i�Q6I�Y[V�P�L�K�IjS�QY M^P�h K�i�Q6V(\ V(])]FV�K	J I K4\�Q6I�P�I ]�\�V-J S�h2P i�Q6I�Y[V�P�L�K�IjS�QY
R KXS�O%\�P V(]3L6Q�kO2Qf �,LJ I�a��5P Y1K�R K4W2W�L/` S�h2P IjS�K�R�f,K4\�f ��P�L/i�Q6R J VHf%P�L �������X� ��I�Y�h2P�J KXS�QY
I�h2V��tR Q6R pNQ9_-O%\�P l T�� l�� a<�th2P[\�P K I@W2\�Q6R%_ ��P�L�K�IjS�QY J VHf%O2L6O2I �y� � Q6I Y[V'R2R2P�YoS�P�f Q6R I�P[\�Q6P�I
�tQ/S�h K f,K�I�hH��W^V	S �Fi�Q6I�Y[V'I�Q/S�` � � K�R�f K�R2V	S�h2P[\!I@W2\�Q6R%_ ��P�L�K�IjS�QY)J VHf%O2L6O2It�;� � Y[V'R2R2P�YoS�P�f Q6R
WAK4\?K�L6L6P�L�T�p�V(\�IjS�\?K�Q6R  �a

 ¢¡  �£�¤  #¥¦¡ § ��y� ¤
�
�

¨
©~ª «

© ¬ ¨ © ¨9�®¯±° § �F²´³ �#µ ²´³�¶ � l T¸· �

�th2P[\�P   £ K�R�f   ¥ Y[V(\@\�P�I@W^V'R�f S�V P�L�K�IjS�QY K�R�f Q6R2P�L�K�IjS�QY IjS�\?K�Q6R¦a%\�P�I@W^P�YoS�Q/i0P�L/`º¹2» ¼ ��½(�;�}T
�+¾�·



¿�À(ÁtÂ[À'Ã2ÄjÅ�Æ�Ã�Å�ÄjÅ�Á�Ç�Ä�Ä�È�ÉZÊFË�Ì�Í Î%ÏÐË5Ñ Î%Ò�ÉZÊFË�Ì�Í É2Ó�ÏÐËyÔ Î%È

Õ Í É2Ó
ÖyÓ)×

É2Ó
Ö;Ø2Ù�Ú!Û Ç}Ü~Ý�Ê Û Ë�ÞXßAÌáà±â Ê�ã%ä¸å�Ì

¿�À(Á Æ Ý^Ç[Á�æ6ÀHç%æÂ ÄjÅ�Á�Ç�Ä�Ä ÉZÊFË�Ì Í Î%ÏÐË Ñ Î%Ò�ÉZÊFË�Ì Í É2ÓèÄ�æ6Ã<ÊêéëË�Ì.ÏÐË Ô Î%ÈìÅ�í2Ç ÄjÅ�Á?Æ�æ6Ã î5À'ï2ðç
ñ Ç'È

Õ Í É2Ó
ÖyÓ)×

Éºß
ò Ê Úó× éõôöß2ô}Ì�Ù é�ß,÷Xøkùú±û × Ä�æ6Ã<ÊêéëË�Ì Û éëË~Â[À'Ä�ÊêéëË�Ìáà±â Ê�ã%ä Ú Î�Ì

¿Næ/Å@Å�æ6Ã%ü Å�í2æ6Ä Ç}Ü~Ý2Á�Ç�Ä�Ä�æ6À'Ã¦È$ý�þkï ÆXÅ�æ6À'Ã ã%ä Ú Î%È�Å�À Å�í2Ç ÄjÅ�Á�Ç�Ä�Ä#ÿáÄjÅ�Á?Æ�æ6Ã Â[ï%Á��0Ç À ñ Å�Æ�æ6Ã2Ç�ç æ6Ã Å�í2Ç
��æ6Ä�Â[À�Ç�ð�Æ�ÄjÅ�æÂ Á�Ç[ü-æ�� Ç'Èõç%Ç+Å�Ç[Á�� æ6Ã2Ç�Ä Å�í2Ç Ç��ºÇ�ÂoÅ�æ��0Ç ��æ6Ä�Â[À'Ä�æ/Å	� À�
�Å�í2Ç 
FÀ�Æ�� 
FÀ(Á Æ ü-æ��0Ç�Ã Ä�Ç+Å
À�
�Â[À'Ã�Å�Á�À'ð ÝAÆ4Á?Æ�� Ç+Å�Ç[Á�Ä À�
!Å�í2Ç � ÀHç%Ç�ðrÊ������� Â[À'ï%Ý�ð6æ6Ã%ü ÄjÅ�Á�Ç�Ã%ü(Å�í2Ä Æ�Ã�ç Ä�í2Ç�Æ4Á Á?ÆXÅ�Ç Ì.ä ¿�À(Á
Ä�æ�� ï2ð�ÆXÅ�æ6À'Ã2Ä�îtæ/Å�í ÝAÆ4Á?Æ�� Ç+Å�Ç[Á��(Æ�ð6ï2Ç�Ä������rÍ �%Ï�� Í Ú Æ�Ã�ç Å�í%Á�Ç�Ç Ä�í2Ç�Æ4ÁrÆ�� Ý�ð6æ/Å�ï�ç%Ç�Ä��kÓ;Í
� â¸Î%È! �â¸Î3Æ�Ã�ç  �â" �È î5Ç#
FÀ'ï2Ã�ç ÖyÓ7Í � â¸Î Ú%$ Î%â"&! �È	Ö;ØõÍ Î%â¸Î'Î'&)( $ Î%â¸Î'Î'Î'&7Æ�Ã�ç ò Í Ú â+*'Î $ Î%â¸Î!�%ä

,�À	Å�ÇëÅ�í ÆXÅìÅ�í2Ç.-�Ç�ð���æ6Ã � ÀHç%Ç�ð'æ6Ä�À'Ã2ð��rÅ�í2Ç0/�Ç[Á�À	Å�í À(Á�ç%Ç[Á1� ÀHç%Ç�ð�
FÀ(Á2��æ6Ä�Â[À�Ç�ð�Æ�ÄjÅ�æÂ[æ/Å	�0ä13;ï2Ç
Å�À Å�í2Ç Â[À)� Ý�ð6Ç}Ü%æ/Å	� À�
4
FÀ�Æ�� È�æ/Å�æ6Ä�Ã2À	Å�Ä�ï%Á@Ý2Á�æ6Ä�æ6Ã%ü Å�í ÆXÅ!Å�í2Ç�Á�Ç�Ä@Ý^À'Ã2Ä�Ç � Æ5� í Æ5�0Ç � ï2ð/Å�æ9Ý�ð6Ç
Å�æ�� ÇzÄ�Â1Æ�ð6Ç�Ä�È�Á�Ç�þkï2æ9Á�æ6Ã%ü Æ ü-Ç�Ã2Ç[Á?Æ�ð6æ6/�Ç�ç -�Ç�ð���æ6Ã � ÀHç%Ç�ðwÊ�Ä�Â�í2Ç5� ÆXÅ�æÂtÄ�í2À�îtÃ æ6Ã ¿Næ9ü-ï%Á�Ç)ã%ä"&)('Ì.ä
7 ç%Ç+Å�Æ�æ6ð6Ç�ç ÄjÅ�ï�ç8� æ6Ä Ã2Ç�Ç�ç%Ç�ç Å�À ç%Ç+Å�Ç[Á�� æ6Ã2Ç Å�í2Ç ç%Ç[Ý^Ç�Ã�ç%Ç�Ã�Â[Ç À�
9��æ6Ä�Â[À'Ä�æ/Å	� ò À'Ã � ÀHç%Ç�ð
ÝAÆ4Á?Æ�� Ç+Å�Ç[Á�Ä ñ � Ä���ÄjÅ�Ç5� ÆXÅ�æÂ1Æ�ð6ð�� �(Æ4Á���æ6Ã%ü �����)Æ�Ã�ç Ä�í2Ç�Æ4Á7Á?ÆXÅ�Ç'ä

E 0

E1 E nE2

1
η 2η nη

¿Næ9ü-ï%Á�Ç ã%ä"&)(;:=<HÂ�í2Ç5� ÆXÅ�æÂ)À�
eÅ�í2Ç ü-Ç�Ã2Ç[Á?Æ�ð6æ6/�Ç�ç -�Ç�ð���æ6Ã � ÀHç%Ç�ð�ä

7 Ã2À	Å�í2Ç[Á7î7Æ5� Å�À Ç�ÄjÅ�æ�� ÆXÅ�ÇrÅ�í2Ç Ç��ºÇ�ÂoÅ�æ��0Ç�
FÀ�Æ�� ��æ6Ä�Â[À'Ä�æ/Å	� æ6Ä ñ � Æ�Ã Æ�ð6À(ü�� îtæ/Å�í ��æ6Ä�Â[À'ï2Ä
> ï2æçcä9?!í2Ç Å�Á?Æ	ç%æ/Å�æ6À'Ã Æ�ð1� Ç+Å�í2ÀHç À�
@� Ç�Æ�Ä�ï%Á�æ6Ã%ü > ï2æç ��æ6Ä�Â[À'Ä�æ/Å	� æ6Ä�Å�À ç~Á�À(Ý Æ í2Ç�Æ5�A�0È í Æ4Á�ç

Ú � å



BDCFEHGJIKG L�EMIKN!OMP)E L�EHG QSR�TUOHR�V WYXFV Z G[WYBKOMIKG R�L�B L�GJI�Z RSX\WYQ^]'G_QSN;`JR�L	a'b cdEHG E%aeVeIKN;V8a8X\W�Z R�`
f N�I�`JG VMGJIKR�]'G5V f IKN)Z g%L�N�h)G_B5iMQjW5k P)R�]'G_B5l

m
npo2q'rts u!v w x�ozy={|q\} ~�x b��!���

k�EHGJIKG q RSB L�EHG I�W�VMRSOHB N f L�EHG BDCFEHGJIKG WYXFV s u RSB L�EHG VMG_XHBKR�L	a VMR���GJIKG_XF`JG ��G�L	k�G_G_X L�EHG
BDCFEHGJIKG WYXFV L�EHG ��OHR�V�� { RSB�L�EHG L�GJI�Z RSX\WYQ4]'G_QSN;`JR�L	a WYXFV y RSB�L�EHG ]8RSB�`JN!BKR�L	a N f L�EHG ��OHR�V�b
gAR�Z RSQjW�IKQ�a'�2RSX L�EHG BKR�Z OHQjW�L�RSN!XHB5��k�G `�WYX VeIKN�C W ��EHG[W5]Aa �FOM�H�FQSG_� L�EMIKN!OMP)E L�EHG f N%W�Z �Ua
W�CHCFQ�a8RSXMP P!I�W5]8R�L	a L�N W BKRSXMP)QSG �FOM�H�FQSG N!XHQ�a'b�cdEHG G���G5`�L�R�]'G ]8RSB�`JN!BKR�L	a'�=RSX L�EHRSB�WYX\WYQSN�P�a'�=RSB
CHIKN�C�N�I�L�RSN!X\WYQ�L�N L�EHG I�W�L�RSN ��G�L	k�G_G_X P!I�W5]8R�L	a WYXFV L�GJI�Z RSX\WYQ�]'G_QSN;`JR�L	a'b���R6P)OMIKG x b"��� BKEHN�k�B
L�EHG�L�GJI�Z RSX\WYQp]'G_QSN;`JR�L	a WYB�W f OHXF`�L�RSN!X N f L�EHG VMG_XHBKR�L	a N f L�EHG ��EHG[W5]Aa �FOM�H�FQSG_�Fb
� G OHBKG WYX N�I�VMGJIKG5V EHG���W�P)N!X\WYQ f N%W�Z WYXFV VeIKN�C W ��EHG[W5]Aa �FOM�H�FQSG_� N f L�EHG �=W�`�hAP!IKN!OHXFV
�FOM�H�FQSG^BKR6�5G#L�EMIKN!OMP)E L�EHG�C=W�LDL�GJIKX�b � G^`�EHNAN!BKG�L	k�N VMR6IKG5`�L�RSN!XHB f N�I1L�EHG�P!I�W5]8R�L�W�L�RSN!X\WYQ!¡�G_Q�V��
¢£ WYXFV ¢¤ b¥gARSXF`JG�L�EHG ��EHG[W5]Aa �FOM�H�FQSG_�|RSX L�EHG ¢£M¦ P!I�W5]8R�L	a ¡�G_Q�V Z G_G�L�B�Z N�IKG#��N!OHXFV�W�IKRSG_B�L�E\WYX
RSX L�EHG ¢¤)¦ P!I�W5]8R�L	a ¡�G_Q�V��2§�¨ RSB B�Z WYQSQSGJI|L�E\WYX §ª©�b «�OeL L�EHG BKQSN�C�G_B W�IKG L�EHG B�W�Z G f N�I���N�L�E
`�WYBKG_B5�H`JN�IDIKG_BDC�N!XFVMRSXMP L�N L�EHG B�W�Z G|]8RSB�`JN!BKR�L	a N f L�EHG f N%W�Z b

cdEHRSB G���G5`�L�R�]'G ]8RSB�`JN!BKR�L	a RSXF`JQSOFVMG_B `JN!X%LKIKR6�FOeL�RSN!XHB f IKN)Z ��N�L�E ¡�Q�Z B WYXFV L�N�C�N!QSN�P)R�`�WYQ
IKG[W�IDI�WYXMP)G5Z G_X%L�B5b�cdEHRSB�WYX\WYQ�a8BKRSB Z W5a EHG_Q6C L�N BKGJC=W�I�W�L�G L�EHG G���G5`�L�B�N f L�N�C�N!QSN�P)R�`�WYQ2IKG[W�I ¦
I�WYXMP)G5Z G_X%L�B WYXFV `JQjW�IKR f a EHN�k RSXFVMR�]8R�VMO\WYQ.c �JB `JN!X%LKIKR6�FOeL�G L�N L�EHG Z G5`�E\WYXHR�`�WYQ�IKG_BDC�N!XHBKG
¬ �5�!�ª®b

x b°¯ ±²N!XF`JQSOHBKRSN!XHB
cdEMIKG_G VMR���GJIKG_X%L L	a;C�G_B N f E%a8B�L�GJIKG_BKRSB N;`_`JOMI RSX L	k�N ¦ VMR�Z G_XHBKRSN!X\WYQ�VeI�a f N%W�Z B OHXFVMGJI

C�GJIKRSN;VMR�`9BKEHG[W�I#B�LKIKG_BKB�RSX L�EHG´³µN�LDL�B#Z N;VMG_QFBKR�Z OHQjW�L�RSN!XHB5b�¶·B0L�EHG·W�CHCFQSRSG5V BKEHG[W�I�RSXF`�IKG[WYBKG_B5�
f N%W�Z B `�E\WYXMP)G f IKN)Z G_QjWYB�L�R�` L�N ]8RSB�`JNAG_QjWYB�L�R�` L�N ��OHR�V ¦ QSR6h)G!b ¸|QjW��5RSGJI5i�B QjW���N�I�W�L�N�I�a RSB `JOMI ¦
IKG_X%L�Q�a L�G_B�L�RSXMP L�EHRSBdLKI�WYXHBKR�L�RSN!X RSX WYX G��eC�GJIKR�Z G_X%L�BKR�Z RSQjW�I�L�N ¬ �5�!¹�2�Ua W�CHCFQ�a8RSXMP C�GJIKRSN;VMR�`
��N!OHXFV�W�I�a BKEHG[W�I#L�N W f N%W�Z �UZ G[WYBKOMIKRSXMP L�EHG�L�N�L�WYQ\��N!OHXFV�W�I�a QSG_XMP�L�E VMR6IKG5`�L�Q�a ~ RSXHB�L�G[W�V N f

�[º�¹



6 7 8 9 10 11 12 13 14 15
0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

Density

T
er

m
in

al
 V

el
oc

ity

y

x

x

y

»�¼6½)¾M¿KÀ ÁMÂ"Ã�ÄMÅHÆ4ÀJ¿�Ç ¼SÈ\ÉYÊ¥Ë'À_ÊSÌ;ÍJ¼�Î	Ï ÉYÐ É Ñ�¾HÈFÍ�Î�¼SÌ!È Ì�ÑÓÒMÀ_ÈHÐK¼�Î	Ï ¼SÈ ÐK¼�Ç ¾HÊjÉ�Î�¼SÌ!ÈHÐ Ì�ÑdÒe¿KÌ�ÔHÔF¼SÈM½
É Õ�ÖHÀ[É5ËAÏ ×F¾M×H×FÊSÀ_Ø Î�ÖM¿KÌ!¾M½)Ö ÉYÈ Ì�¿�ÒMÀJ¿KÀ5Ò Ñ�Ì%É�Ç ÙÚÊjÉ�ÎDÎ�¼�ÍJÀ ÐK¼6Û5À Ã!Ü�Á Ý Ã!Ü�Á%ÞtÂ ßA¼�Ç ¾HÊjÉ�Î�¼SÌ!È
Ô=É�¿�É�Ç À�Î�ÀJ¿KÐ É�¿KÀ à á âMã�ä�å�æ á çMã�ÉYÈFÒ è á é�Â ÆdÖHÀ Ð�Î�É�¿KÐ Ùëê�Þ ÉYÈFÒ Î�ÖHÀ ÍJ¼6¿�ÍJÊSÀ_Ð ÙÚÌAÞ
ÍJÌ�¿D¿KÀ_ÐDÔ�Ì!ÈFÒ Î�Ì Î	ì�Ì ÒM¼�í�ÀJ¿KÀ_È%Î�ÒM¼6¿KÀ5Í�Î�¼SÌ!ÈHÐ Ì�Ñ¥Î�ÖHÀ ½!¿�É5Ë8¼�Î�É�Î�¼SÌ!È\ÉYÊ2î�À_Ê�Ò ì�¼�Î�Ö ¿KÀ_ÐDÔ�À5Í�Î·Î�Ì Î�ÖHÀ
Ì�¿K¼SÀ_È%Î�É�Î�¼SÌ!È Ì�Ñ4Î�ÖHÀ ÖHÀ�ï�É�½)Ì!È\ÉYÊ�Ô=É�ÎDÎ�ÀJ¿KÈ�Â�ß%ÎK¿�ÉY¼6½)Ö%Î9ÊS¼SÈHÀ_Ð·É�¿KÀ ÊS¼SÈHÀ[É�¿dîHÎ�Ð5Â

é[Üeé



ðHñKòSóMô õÓö ÷Hø�ù�ú ûHüKú�ý8ò�þMÿ|ù��Hÿ�ñ�ùKüKÿ_ñKñ������Hò��	�
�eû��Sú�ùDù�ÿ5þ �ô�YòSóHñ�ù�ù��Hÿ �ûHû��SòSÿ5þ ñ�ùKü�YòSó
����Yó ��ÿ
�Jú�� û��üKÿ5þ ��ò�ù�� ù��Hÿ ûHüKÿ5þMò���ù�òSú!ó ú��1ù��MüKÿ_ÿ þMòSñ�ù�òSó���ù���ÿ���5ý8òSú�üKñ��

� �Hÿ �Jú�� û��üKòSñKú!ó ��ÿ�ù���ÿ_ÿ_ó ù��Hÿ � ÿ��	��YóHò�����ÓüKÿ_ñDû�ú!óHñKÿ_ñ ú���ú�ü�þMÿJüKÿ5þ YóFþ þMòSñKú�ü�þMÿJüKÿ5þ
��ú� � ñµñ!�Hÿ5þMñ¥ñKú�� ÿ"�Sò6ô��%ù@ú!ó ù��Hÿ�üKÿ��#�ù�òSú!ó ��ÿ�ù���ÿ_ÿ_ó ñ�ùKüKð���ù�ðMüKÿ$YóFþ � ÿ��	��YóHò�����UûHüKú�û�ÿJü�ù�òSÿ_ñ��
% ó ú�ü�þMÿJüKÿ5þ ��ú� � ��Yñ  &�óHò�ù�ÿ '8òSÿ���þ ñ�ùKü�YòSó
� % ñ þMòSñKú�ü�þMÿJü òSó���üKÿ(YñKÿ_ñ��µù��Hÿ '8òSÿ���þ ñ�ùKü�YòSó
þMÿ���üKÿ(YñKÿ_ñ��*)Fú�ü+ ü�YóFþMú�� ��ú� � ��ò�ù��  �HüKú��þ ù�ú�û�ú,�Sú�ô�' YóFþ �üKÿ( þMòSñ�ùKüKò-�Fðeù�òSú!ó
�.�SòSóHÿ(�ü
ÿ��#Yñ�ù�ò��Jò�ù�' YóFþ ý8òSñ��JúAÿ��#Yñ�ù�ò��Jò�ù�' þMú óHú�ù�ú����JðMü�� % ó�' &�óHò�ù�ÿ ñ�ùKüKÿ_ñKñ/��Yó �Sÿ(�þ ù�ú ù�ú�û�ú,�Sú�ô)ò�����
üKÿ(�üDü�YóMô)ÿ�� ÿ_ó%ù�ñ ú�� ñ�� ��0�1�Fð��2���Sÿ_ñ YóFþ ù��AðHñ ù�ú û��#Yñ�ù�ò�� '8òSÿ���þMòSóMô ú��´ù��Hÿ ��ú� � � 3 ú�üKÿ
þMÿ�ù	Yò0�Sÿ5þ ñKò�� ð2�#�ù�òSú!óHñ YóFþ ÿ54eû�ÿJüKò�� ÿ_ó%ù�ñ �üKÿ óHÿ_ÿ5þMÿ5þ ù�ú þMÿ�ù�ÿJü�� òSóHÿ ù��Hÿ þMÿJû�ÿ_óFþMÿ_ó��Jÿ ú��
ù��Hÿ '8òSÿ���þ ñ�ùKü�YòSó ú!ó ù��Hÿ �üKÿ( YóFþ ù�ú�û�ú,�Sú�ô)ò������þMòSñ�ùKüKò-�Fðeù�òSú!óHñ ú���ù��Hÿ ��ú� � �6YóFþ ñ!�Hÿ(�ü
ü��ù�ÿ_ñ��

7 ò6ô�� ñ!�Hÿ(�ü ü��ù�ÿ_ñ ÿ98�ÿ���ù�ò�ý'ÿ��:' òSó%ùKüKú;þMð��Jÿ �Hò6ô��HÿJü þMòSñKú�ü�þMÿJü òSó%ù�ú ù��Hÿ ��ú� � �;Yñ ñKÿ_ÿ_ó
òSó ú�ü�þMÿJüKÿ5þ ��ú� � ñ�þeüKò�ý'ÿ_ó �ù��Hò6ô�� ñ!�Hÿ(�ü�ü��ù�ÿ_ñ��=<2ú������ù�ú�û�ú,�Sú�ô)ò�����züKÿ(�üDü�YóMô)ÿ�� ÿ_ó%ù�ñ >�ù��Hÿ
�ûHû�ÿ(�ü�Yó��Jÿ�ú��=óHú!ó�?@�Hÿ54A�ô)ú!ó�����Fð��2���Sÿ_ñtø4ú����JðMü ù��MüKú!ðMô��Hú!ðeù ù��Hÿ1��ú� � ��üKÿ_ñKð2��ù�òSóMô òSó � ú�üKÿ
�Hú�� ú�ô)ÿ_óHÿ_ú!ðHñCB�úD� ��ÿ���5ý8òSú�ü��EYñ.òSó þMòSñKú�ü�þMÿJüKÿ5þ ��ú� � ñ�� ö �Hò0�Sÿ´ûHüKÿ�ý8òSú!ðHñ.ñ�ù�ðFþMòSÿ_ñF�G�#Yò�� ÿ5þ
ù����ù H �;ù��Hÿ 5ý'ÿJü��ô)ÿ·óAð�� ��ÿJü�ú�� � I ÿ�ý'ÿ_ó%ù�ñ²û�ÿJüJ�Fð��2���Sÿ�û�ÿJüdðHóHò�ùdñ!�Hÿ(�ü��eòSñÓòSóFþMÿJû�ÿ_óFþMÿ_ó%ù
ú��Hù��HÿF��ú� � ñ�ùKüKð���ù�ðMüKÿKYóFþ ù��HÿK�ûHû��SòSÿ5þ ñ�ùKü�YòSó ü��ù�ÿ,��ù��Hÿ^ñKò�� ð2�#�ù�òSú!ó þA�ù	´ñ!�HúD� ù����ù H òSñ
ñKÿ_óHñKò�ù�ò�ý'ÿ�ù�ú ù��Hÿ+�üKÿ( þMòSñ�ùKüKò-�Fðeù�òSú!ó ú���ù��Hÿ|ñ� � û��Sÿ*YóFþ ù��Hÿ ñ!�Hÿ(�ü²ü��ù�ÿ,�6L ó2�:' ��ú�üJ ñ�� ��0�
ü�YóMô)ÿ ú��@ñ!�Hÿ(�ü·ü��ù�ÿ_ñ þMú ñ� � û��Sÿ_ñ;��5ý8òSóMô ñKò�� ò0�#�ü þMòSñ�ùKüKò-�Fðeù�òSú!óHñ|ñ!�HúD� ñKò�� ò0�#�ü�ý���SðHÿ_ñ ú��
H � ���Hò��	� � �' ��ÿ�ù��Hÿ�ü�YóMô)ÿÓú��\ù��Hÿ�ûHüKÿ�ý8òSú!ðHñ@ñ�ù�ðFþMòSÿ_ñ;M I�N�O � IDO�PRQ �SL ðMü¥üKÿ_ñKð2��ù�ñ¥ÿ�� û���YñKò-T5ÿ
ù��Hÿ´ò�� û�ú�ü�ù	Yó��Jÿ�ú��U��ú�ù�� ñ�ùKüKð���ù�ðMü��� þMòSñKú�ü�þMÿJü1YóFþ � ÿ�ù	Yñ�ù	V�Fò0�Sò�ù�' ù�ú ù��Hÿ/��ÿ���5ý8òSú�ü�ú���ñKú�� ù
�Jÿ��0�Sð2�#�ü�� �ù�ÿJüKò#��Sñ��

W ó þMòSñKú�ü�þMÿJüKÿ5þ ��ú� � ñ��)ù��Hÿ óAð�� ��ÿJü²ú�� � I ÿ�ý'ÿ_ó%ù�ñ²òSñ^óHú�ùÓþMò6üKÿ���ù��:' ûHüKú�û�ú�ü�ù�òSú!ó���=ù�ú ù��Hÿ
ÿ��#Yñ�ù�ò�� ÿ_óHÿJüDô�' üKÿ��Sÿ(YñKÿ,�X��ÿ���YðHñKÿ  � I ÿ�ý'ÿ_ó%ù|òSñ|óHú!ó�?@�Sú�����YYóFþ ÿ�ý'ÿJüZ' � I ÿ�ý'ÿ_ó%ù üKÿ��Sÿ(YñKÿ_ñ
 þMò:8�ÿJüKÿ_ó%ù  � ú!ðHó%ù ú���ÿ_óHÿJüDô�'[� � �HÿJüKÿG��ú�üKÿ,�\��ÿ � ðHñ�ù �Jú!óHñKò�þMÿJü � I ÿ�ý'ÿ_ó%ù�ñ YóFþ ÿ_óHÿJüDô�'
üKÿ��Sÿ(YñKÿ�ñKÿJû��ü��ù�ÿ��:'[�

I(],^



_/`�a�b#a�c�d	e2f5g@b0h-i�f j�k�lmk,b0k�n�h�d�a�bpo!f(aVoqo�a�c�n�f�r f�c�j�s/l�b#a�t a i�f9t o!k,b0f h0c uvk�a r o!e2f�k,b0k�n�t[wyxzc
j�e2f {|k jqj�s r k�}�f�b=s!h�r ~2b#aRj�h0k,c2s��Y� � f9`[f�c�j�s }�k c2k j e�a�`[f b0k,c�n�gzo�a�c�n�f j�f�r lmk�o�a�b=dGk�oqo!f�b#aDg
j�h0k,c2s�uvk�oFk�o�}�fGo!f�} sZj!o!~�d�j�~�o!f�sFk�o"s!b0kD� s!e2f(aVo�o�aRj�f�s���dGk,c2s!h0sZj�f�c�j���h:j�e f5��lmfGo!h�r f�c�j	a�b�k���s!fGo�g
`�aRj�h0k,c2s�w _�s j�e2f s!e2f(aVo o�aRj�f k�o sZj!o!~�d�j�~�o�a�b�}�h0s!k�o�}�fGo h0c�d9o!f(a�s!f�s��pj�e2f j�k�lmk,b0k�n�h�d�a�b6f9`[f�c�j�s
�mf�dGk�r f r k�o!f dGk�oqo!f�b#aRj�f�}�w$�;`[fGo�a o�a�c�n�f k�uC}�h0s!k�o�}�fGo!s���j�e2f lmkD�1fGo�sqlmf�d�j!o�a aVo!f �D���\w"_�s
� �$a a�c�} � aVo�}AaVo lmk,h0c�j�f�} k,~�j����D��� c2k,h0s!f r a�t aVo!h0s!f u�o!k�r a o�a�c�}�k�r s!~�lmfGoqlmk,s!h:j�h0k,c
k�u�h0c�}�fGlmf�c�}�f�c�j a�`�a�b#a�c�d	e2f�s ����������w��Ke2f�s!f �D��� sqlmf�d�j!o�a s!~�n,n�f�sZj/j�e�aRjya�`�a�b#a�c�d	e2f�s/k�u�}�h-u#g
uvfGo!f�c�j s!h-��f�s��"a�b:j�e2k,~�n�e j�e2f9t kD`[fGo!b#aVl��FaVo!f h0c�}�fGlmf�c�}�f�c�j k�u�f(a d	e k j�e2fGo�w ��k j�e n,o!f(aRj�fGo
sZj!o!~�d�j�~�o�a�b�}�h0s!k�o�}�fGo;a�c�} e2h-n�e2fGo$s!e2f(aVoKo�aRj�f+h0c�j!o!k�}�~�dGf a �XaRjKj	a�h0b�aRjKj�e2f e2h-n�e u�o!f���~2f�c�d�t
f�c�}��Ya s!h-n�c�aRj�~�o!f k�u�  a�~2s!s!h#a�c c2k,h0s!f,�¡��~�j }�k c2k j d	e�a�c�n�f j�e2f f5��lmk,c2f�c�j h0c j�e2f lmkD�1fGo
b#a�� o!fGn�h0k,c
w

� kD�1f9`[fGo��[~2c2b0h-i�f�j�e2f/s�a�c�}�l�h0b0f;r k�}�f�b¢��a s!h�r h0b#aVo�j!o!f�c�} j�k �D��� h0s�uvk,~2c�} h0c j�e2f�lmkD�1fGo
sqlmf�d�j!o�a k�u1j�e2f j�k j	a�b=f�c2fGoqn�t[�£o�aRj�e2fGo j�e�a�c h0c j�e2f f�c2fGoqn�t }�h0s!s!h-l�aRj�h0k,c
w �Ke2f }�h:¤.fGo!f�c�dGf
�mf9j��1f�f�c j�e2f � � a�`�a�b#a�c�d	e2f�s;a�c�} j�e2f s�a�c�} a�`�a�b#a�c�d	e2f�s�h0s�j�e�aRj;f(a d	e s�a�c�} n,o�a�h0c d�aVoqo!h0f�s
j�e2f s�a r f f�c2fGoqn�t ��e2h0b0f f(a d	e � � f9`[f�c�j e�a�s }�h:¤.fGo!f�c�j f�c2fGoqn�t[w _ �mf9jqj�fGo a�c�a�b0k�n�t h0s a
¥ }�h0s!k�o�}�fGo!f�} s�a�c�}�l�h0b0f�¦ r k�}�f�b¢����e2fGo!f�j�e2f;s�a�c�} n,o�a�h0c2s=e�a�`[f;}�h:¤.fGo!f�c�jFs!h-��f�s=k�oF}�f�c2s!h:j�h0f�s�w

_/`�a�b#a�c�d	e2f�s=k�u
� ��f9`[f�c�j�s=}�f�d9o!f(a�s!f$j�e2f;sZj�k�o!f�} f�b#a�sZj�h�d�f�c2fGoqn�t[��b0f(a }�h0c�n j�k uvk�a r �AkD� w
� kD� }�k s!h0c�n�b0f � � f9`[f�c�j�s dGk,c�j!o!h-��~�j�f j�k j�e2f n�b0k���a�b�o!f�sqlmk,c2s!f¨§ © aVn�c2f9j�h�d �A~2h�} uvk�a r
f5��lmfGo!h�r f�c�j�s�k ¤.fGo6j�e2f;~2c2h���~2f�k�l2lmk�oZj�~2c2h:j�t j�k b0k�d�a�b0b:t }�o!h:`[f*a+`[fGoZj�f5� a�c�} uvk�o�dGfªa s!h0c�n�b0f
� � f9`[f�c�j «¬k�o a � � a�`�a�b#a�c�d	e2f¨ ��t a �1f�b0b®g¯dGk,c�j!o!k,b0b0f�} b0k�d�a�b�r aVn�c2f9j�h�d °Af�b�}�w ± f aVo!f
dG~�oqo!f�c�j�b:t h0c�`[f�sZj�h-n�aRj�h0c�n j�e2f f9¤.f�d�j�s k�u s!h0c�n�b0f � � f9`[f�c�j�s ~2s!h0c�n r aVn�c2f9j�h�d �A~2h�} uvk�a r
f5��lmfGo!h�r f�c�j�s/a�c�} j�e2f dGk�oqo!f�sqlmk,c�}�h0c�n {|k jqj�s�r k�}�f�b�s!h�r ~2b#aRj�h0k,c2s �����,�R��w��Ke2h0s�sZj�~�}Et r a�t
e2f�b-l j�k ~2c�}�fGo!sZj	a�c�} j�e2f+dGk,c2c2f�d�j�h0k,c �mf9j��1f�f�c r h�d9o!k,s�dGk�l�h�d/j�k�lmk,b0k�n�h�d�a�bmo!f(aVoqo�a�c�n�f�r f�c�j�s
a�c�} r a d9o!k,s�dGk�l�h�dyr f�d	e�a�c2h�d�a�b²o!f�sqlmk,c2s!f,w

�(³ ´



µ1¶/·*¸6¹�º�» ¼

µ1º�½¡½ ¾2¿y»Y¹�À¯ÁyÂ

¼�Ã�Ä ÀzÅ�Æ!Ç!È�É�Ê�Ë�Æ�Ì0È,Å

µFÍ�Î0Î�Ï Ì-Ð,Ç�ÑRÆ�Ì0È,Å Ì0Ò/Ñ Ë9Ç!Ì:Æ�Ì�Ë�Ñ�ÎUÓ2Ç!È�ËGÍ�Ò!ÒKÔvÈ�Ç$Î0Ì-ÔvÍ,Ã�µFÍ�Î0Î0Ò�Ï ÈDÕ[ÍyÍ5ÖEÆ�Í�Å2Ò!Ì:Õ[Í�Î:× Ñ�Ò/Ñ�Å Í�Ï Ø2ÇZ×[È
É�Í9Õ[Í�Î0È�Ó�Ò�ÃSÀzÅ Æ�Ù2Í Ñ É�Ê2Î:Æ�Ú�ËGÍ�Î0Î0Ò�Ï Ì-Ð,Ç�ÑRÆ�Í�Æ�È Æ�Ù2Í Ò!Ì:Æ�Í È�Ô�Ñ�Å Ì0Å�ÔvÍ�Ë�Æ�Ì0È,Å È�Ç1Û1È,Ê2Å�É�Ã6ÀzÅ Ë�Ñ�Å�ËGÍGÇ
Ï Í9Æ	Ñ�ÒZÆ	Ñ�Ò!Ì0Ò�Ú(Ì0Å�Õ�Ñ É�Ì0Å�Ð*ËGÍ�Î0Î0Ò\Ï ÈDÕ[ÍCÆ�Ù�Ç!È,Ê�Ð�Ù ÑKÆ�Ì0Ò!Ò!Ê2Í,Ã�Ü Ù2Í�Å ËGÍ�Î0Î0Ò\È�ÔEÆ�Û1È�È�Ç£Ï È�Ç!ÍCÆ�×�ÓmÍ�ÒYÑVÇ!Í
Ç�Ñ�Å�É�È�Ï Î:× Ì0Å�Æ�ÍGÇ�Ï Ì0Å�Ð�Î0Í�É Ñ�Å�É ÑVÐ,Ð,Ç!ÍGÐ�ÑRÆ�Í�É�Ú�Æ�Ù2Í9× ÑVÇ!Í�ÑVØ�Î0Í$Æ�È Ï Ì-Ð,Ç�ÑRÆ�Í$ÈDÕ[ÍGÇ6Î0È,Å�Ð É�Ì0ÒZÆ	Ñ�Å�ËGÍ�Ò
ËGÈ�Ï Ó�ÑVÇ!Í�É Æ�È Æ�Ù2Í�Ì-ÇJÉ�Ì#Ñ Ï Í9Æ�ÍGÇ�Æ�È Ç!Í5Ý@Í�ÒZÆ	ÑVØ�Î0Ì0Ò!Ù Ù2È�Ï È�Ð�Í�Å2Í�È,Ê2ÒFËGÍ�Î0Î.Ï Ñ�Ò!Ò!Í�Ò1Ñ�Å�É Ò!È�Ï Í9Æ�Ì�Ï Í�Ò
Æ�È Ç!Í5Ý¯ËGÈ,Å2ÒZÆ!Ç!Ê�Ë�Æ=ÔvÊ2Å�Ë�Æ�Ì0È,Å�Ñ�Î�Æ�Ì0Ò!Ò!Ê2Í�Ò*ÞßÔvÈ�ÇFÑ Ç!Í9ÕEÌ0Í9Û Ú�Ò!Í�Í à�Ä�á[âDãväåÃSæ Ñ�Å�× Í�Ï Ø2ÇZ×[È,Ò�Ñ�Å�É Î0Ì:ÕEÌ0Å�Ð
È�ÇqÐ�Ñ�Å2Ì0Ò�Ï Ò�ÚDÍ9Õ[Í�Å ÑKÔvÍ9Û Ñ É�Ê2Î:Æ�Ñ�Å2Ì�Ï Ñ�Î0Ò¡Ò!Ê�Ë	Ù Ñ�Ò�ç*è�éVê�ë�ÚRË�Ñ�Å Ç!ÍGÐ�Í�Å2ÍGÇ�ÑRÆ�Í�Ô�Ç!È�Ï Ñ�Å ÑVÐ,Ð,Ç!ÍGÐ�ÑRÆ�Í
È�Ô\Ç�Ñ�Å�É�È�Ï Î:× Ï Ì®Ö�Í�É ËGÍ�Î0Î0Ò�È�Ô|É�Ì:ì.ÍGÇ!Í�Å�Æ$Æ�×�ÓmÍ�Ò à�Ä�á,í�Ú�Ä�á�î�ã�Ã

Ü Ù2Ì0Î0Í Ñ ËGÍ�Î0Î¢ïðÒªÏ È,Î0Í�ËGÊ2Î#ÑVÇ;ËGÈ,Å2ÒZÆ�Ì:Æ�Ê�Æ�Ì0È,Å
ÚmÒ!Ê�Ë	Ù Ñ�Ò�Ì:Æ�ÒªË�×ñÆ�È,Òqò�Í�Î0Í9Æ	Ñ�Î�ÒZÆ!Ç!Ê�Ë�Æ�Ê�Ç!Í Ñ�Å�É Æ�Ù2Í
Æ�×�ÓmÍ Ñ�Å�É É�Í�Å2Ò!Ì:Æ�× È�Ô�Ì:Æ�Ò Ò!Ê�ÇqÔóÑ ËGÍ Ñ É�Ù2Í�Ò!Ì0È,Å Ï È,Î0Í�ËGÊ2Î0Í�Ò�Ú�ÑVÇ!Í Ð�Í�Å2Í9Æ�Ì�Ë�Ñ�Î0Î:× ËGÈ,Å�Æ!Ç!È,Î0Î0Í�É�Ú�Ì:Æ�Ò
Ó�Ù�×EÒ!Ì�Ë�Ñ�Î�Ó2Ç!È�ÓmÍGÇZÆ�Ì0Í�ÒFÒ!Ê�Ë	Ù Ñ�Ò�Ì:Æ�Ò"Ï Ñ�Ò!Ò�Ú[Õ[È,Î0Ê�Ï ÍªÑ�Å�É Ò!Ê�ÇqÔóÑ ËGÍ�Æ�Í�Å2Ò!Ì0È,Å Ç!Í�ÒZÆ!Ç!Ì�Ë�ÆFÌ:Æ�ÒFÓmÈ,Ò!Ò!Ì-Ø�Î0Í
Ï È Æ�Ì0È,Å
ÃSµFÍ�Î0Î.Ï Ì-Ð,Ç�ÑRÆ�Ì0È,Å Ï Í�Ë	Ù�Ñ�Å2Ì0Ò�Ï Ò=ÔóÑ�Î0Î0Ò"Ì0Å Æ�Û1È Ë�ÑRÆ�ÍGÐ�È�Ç!Ì0Í�Ò�ô|Ò!Ù2È�ÇZÆ"Ç�Ñ�Å�Ð�ÍªÌ0Å�Æ�ÍGÇ�Ñ Ë�Æ�Ì0È,Å2Ò
Û�Ù2ÍGÇ!Í ËGÍ�Î0Î0Ò/Ì0Å�Æ�ÍGÇ�Ñ Ë�Æ�Æ�Ù�Ç!È,Ê�Ð�Ù É�Ì-Ç!Í�Ë�Æ;ËGÈ,Å�Æ	Ñ Ë�Æ�Ú�Ñ�Å�É Î0È,Å�Ð Ç�Ñ�Å�Ð�Í Ì0Å�Æ�ÍGÇ�Ñ Ë�Æ�Ì0È,Å2Ò$Û�Ù2ÍGÇ!Í ËGÍ�Î0Î0Ò
Ì0Å�Æ�ÍGÇ�Ñ Ë�Æ+Æ�Ù�Ç!È,Ê�Ð�Ù Æ�Ù2Í Í5ÖEÆ�ÍGÇ!Å�Ñ�ÎCÍ�Å�ÕEÌ-Ç!È,Å�Ï Í�Å�Æ�Ã ¹KÙ2Í ÔvÈ�Ç�Ï ÍGÇ+Ì0Å�ËGÎ0Ê�É�Í�Ò É�Ì:ì.ÍGÇ!Í�Å�Æ�Ì#Ñ�Î6Ñ É�Ù2Í5Ý
Ò!Ì0È,Å
ÚSÆ�Ù2Í É�Ì-Ç!Í�Ë�Æ ËGÍ�Î0Î®Ý¯ËGÍ�Î0Î1Ó�Ù�×EÒ!Ì�Ë�Ñ�Î�Ñ�Å�É Ë	Ù2Í�Ï Ì�Ë�Ñ�Î"Ì0Å�Æ�ÍGÇ�Ñ Ë�Æ�Ì0È,Å2Ò É�ÍGÓmÍ�Å�É�Ì0Å�Ð È,Å Æ�Ù2Í ËGÍ�Î0Î
Æ�×�ÓmÍ�Ò�Ú\Ñ�Å�É Ï Í�Ë	Ù�Ñ�Å2Ì�Ë�Ñ�Î£Æ!Ç�Ñ�Å2Ò�É�Ê�Ë�Æ�Ì0È,Å
Ã ¹KÙ2Í Î#ÑRÆqÆ�ÍGÇ Ì0Å�ËGÎ0Ê�É�Í�Ò ÞZÄDäªÌ0Å�É�Ì-Ç!Í�Ë�Æ Ó�Ù�×EÒ!Ì�Ë�Ñ�Î�Ñ�Å�É
Ë	Ù2Í�Ï Ì�Ë�Ñ�Î�Ì0Å�Æ�ÍGÇ�Ñ Ë�Æ�Ì0È,Å
ÚYõ�öø÷�ö�Ú2Ó2Ç!È�É�Ê�Ë�Æ�Ì0È,Å È�ÔYÍ5ÖEÆ!Ç�Ñ ËGÍ�Î0Î0Ê2Î#ÑVÇ ù�Û1Í9ÆqÆ�Ì0Å�Ð�ú ûAÊ2Ì�É È�Ç�Í5ÖEÆ!Ç�Ñ ËGÍ�Î0Î0Ê�Ý
Î#ÑVÇ"Ï ÑRÆ!Ç!Ì®Ö Þ¢ºFµJæ äåüEÑ�Å�É Þ�â�äSË	Ù2Í�Ï È Æ	ÑDÖ�Ì0ÒªÞóÏ È Æ�Ì0È,Å Ì0Å Ç!Í�ÒqÓmÈ,Å2Ò!Í;Æ�È Ð,Ç�Ñ É�Ì0Í�Å�Æ�ÒFÈ�Ô�Ë	Ù2Í�Ï Ì�Ë�Ñ�Î
ÑVÐ�Í�Å�Æ�Ò1Û�Ù2Ì�Ë	Ù ÑVÇ!Í Í�Ï Ì:ÆqÆ�Í�É Ø�× Æ�Ù2Í ËGÍ�Î0Î0ÒåäåÃ

Ä(ýRî



þ ÿ������ �!ÿ�ÿ�� 	
�������ÿ�����	����� ����� �Gÿ���������������� ��������� � �! "�#�$	
���"� ���� ���%��	
���& ('*) ��	
��+)-,
���& 	
�2ÿ��!ÿ.���-	�ÿ��#���/	
���"���0��� � ���1� ���0ÿ.�%�2 *�������
� 34�����1� ÿ5� �"�1 ��� �ñÿ�'6��ÿ 798;:�<>=-?$@A<CB�DE8GF+H IJ8K@ML
:#?J8;I-BAF+H NSþ ÿ OP�Q�����R�"�&��&���
�����������"���S�"� ÿATU���V���������& �Gÿ����W���%��	
���& ���� �6�$	2	�ÿ��������& ��� 	
�2ÿ
� �"���� ��	��J �ÿ �%OX798;:�<>=-?$@A<CB�DE8GF+H 3Y'6���!ÿZ �"� &�!�!ÿZ�/	 [\&�^].ÿ��!ÿ��-	
�V���_��&�2ÿ������"�a`.���� ����&�!�!ÿZ�/	
[\���2ÿZ� ��	����/	
�1��` �Gÿ����b���-	�ÿ��#���/	
���"���ZN cñÿZ�/	
���"� dQNEe ���-	����Q&���Gÿ�� 798;:�<>=-?$@A<CB�DE8GF+H IJ8K@�:#?J8;I-BAF+H N
cñÿZ�/	
���"� dQNgf �ÿ��
�h���!'mÿ��X&�^].ÿ��!ÿ��-	
�V���i��&�2ÿ������"�iNYþ ÿ ����� �6�J�!ÿ(�"�&�j���1� ���V�$	
���"� �!ÿ������^	
�0�R�^	
�
ÿATU�mÿ����1� ÿ��-	
�.&�"�2ÿ �R�^	
� �����1�#��ÿ�� ÿZ� '���)k� �Gÿ�������	
� l%�����1m�$	�ÿ 	
�2ÿ � �Q�ÿ��nN cñÿZ�/	
���"� dQNpo ���Q,
	����Q&���Gÿ��q���2ÿZ� ��	���T&���q���� ÿhl+�1�ÿ����Gÿ OP�%�S�^	
�S���"�0ÿ ��� 	
�2ÿ �ÿhl[ÿ����%�m� ÿ��-	R�%Or798;:�<>=-?$@A<CB�DE8GF+H N
cñÿZ�/	
���"� dQNEs �����������ÿ�� 	
�2ÿ ÿATU�mÿ����1� ÿ��-	����6ÿhl+�1�ÿ����Gÿ �"� �R���1��� 	
�2ÿ � �Q�ÿ��t��� '6���!ÿZu3v����
	
�2ÿ �ÿ��
�h���!�&	
���"� �%Ow	
�2ÿ ÿAT+	�ÿ����ÿZ �V�J�2 �ÿA,yx zw��	2	
�S� �Q�ÿ��nNbcñÿZ�/	
���"� dQNg{ ���!ÿ��!ÿ��-	
�b	
�2ÿ ���1� ,
���V�$	
���"� �!ÿ������^	
�(�"� 	
�2ÿ ÿh].ÿZ�/	
���%O�	
�2ÿ��!ÿ 	|�0� � ÿZ���}�������
� �S�"� �6�$	2	�ÿ���� OP�%�
� �$	
���"� ��� 	
�2ÿ
798;:�<>=-?$@A<CB�DE8GF+H � �"����uN�~����}�����^)k3%�1ÿj����� �6�J�!ÿ�	
�2ÿXzw��	2	
�_� �Q�ÿ��Q	
�9��	
�2ÿ����Z3-���� ���"���-	v�"�U	
����� ÿR���"�����!'��0ÿ.&�!�!ÿZ�/	
���"���rOP�%�tOP�U	
�&�!ÿ(�ÿhl[ÿ����%�m� ÿ��-	r�%Ou	
�2ÿ(� �Q�ÿ��m	
���X�J�
&��� �%�!ÿR�!ÿ���������	
�1�
'����"���% ��1�����u���1� ���V�$	
���"���ZN

dQNEe 798;:�<>=-?$@A<CB�DE8GF+H

� �2ÿb�%O�	
�2ÿR� �"��	��R�1�ÿ��^) ���!ÿZ �%�2 *�������
� ��	
� ��	
��+) �!ÿ��V�$	
�^l[ÿ��^) ���1� ���0ÿb� �%�2�����% �ÿ��2ÿ������
��� 	
�2ÿ �Gÿ��������V�J� �����1� ÿ � �"�1 798;:�<>=-?$@A<CB�DE8GF+H IJ8K@�:#?J8;I-BAF+H N 798;:�<>=-?$@A<CB�DE8GF+H ÿAT&���!'��^	
� � ���-)
 �ÿ��2ÿ��#�����ÿhl[ÿ����%�m� ÿ��-	����t�����Q�Gÿ����!ÿ�� ����������&���& ���2ÿZ� ��	���T&���Z3������ ���0ÿAT 'mÿ��}�Zl+���%� 	
�&���"�& ��
�!ÿ��!OV,��%�2 *�����!���$	
���"�i3&�Gÿ����i���%��	
���& ���� �6�$	2	�ÿ���� OP�%�
� �$	
���"�iN

�S���1�Gÿ��������V�J� ��� �ñÿ�'6��ÿ 798;:�<>=-?$@A<CB�DE8GF+H �����}�J'��^	 ���"�������� ÿ��$	 '6���/	�ÿ����V�UN þ �2ÿ�� '6���/	�ÿA,
���V����OP�4�Q 'mÿZ����� ÿ��0�
���J�
�Gÿ"3Q����� ÿ5�Gÿ������Z3+��� �������0ÿZ �6���GÿA,C� �J��ÿ����Gÿ������Z3U�2���"�-	����2ÿ��"�����^) ÿZ� �^	
&�^]Y�������& ���2ÿZ� �1���������! ��}�����R�%O�fJ�!s����/)U�����1� ���ÿ����"�����2ÿ � �"���%�����"�2���}�$	�ÿ [\���5� z�`M3U	
�2ÿ��!ÿ�'*)
�����^	
�V�$	
���& ��� ÿAT����^	��$	
���"� �X�Zl[ÿr�R���1��� �����%�6�J *�$	�ÿ����"�U	|�X�J�
 �����.���"���Gÿ��-	����1�������& �%���(�2����,
�#�����X�Zl[ÿ"3����q	
�2ÿ ���&�2���"����&���& �Gÿ������(�!ÿ��V�Z) 	
�2ÿ ���! ��}���j���Z�ks���N ����&�^l+�1&�}�����Gÿ������ �J " "�!ÿ� *�$	�ÿ
�����ÿ�� 	
�2ÿ  ����1m�����Gÿ �%O�	
�2ÿ ���5� z �X�Zl[ÿ�� '*) � ��l+���& 	
���X�J�
&� ���! ��2ÿ�� ���"���Gÿ��-	��#�$	
���"���
�%Ow���5� zwN��j�2ÿ ��� �ñÿ�'6��ÿ5OP�%�
� ��	��!ÿ���� �0�R�2ÿ�� 	
�2ÿh) 	
�"����� ÿ������ ��	
�2ÿ��S���� 	
�2ÿ�� OP�%�
� �

��s"s



� ���^�
 1¡�¢��������V£J¤ � ¥"��¦�§u¨�£ ©�¢Z�  �ª2«�©�¢�¤� 1¡�£���ª���¤���¡/�
�&¤�¢ ¡�¥"¦�ª� �ª��
 �¦&¬ ¥%®£J¯�¥"�U� °Z±%²®³ °Z±�´ ¡�¢�����ª
ª��&¤2¤�¥"��¦�§&¢Z§ ¯*µ £ �V£Zµk¢�¤ ¥%0ª��� 1� µ ª�©�¢�£$�
© ¶R©� 1¡�©  �ª ¡�©�¢Z�  1¡�£����^µ ª� 1�  ��V£J¤ �
¥ ¢A·+��¤#£�¡�¢��������V£J¤
� £$��¤� �·  �¦ �
©�¢ � ¥"��¦�§ ¸�°Z¹"º$»�¼�½j©�¢ ¡�¢�����ªS �¦ �
©�¢ � ¥"��¦�§ �
©�¢�¦ §& ^¾Y¢�¤�¢�¦-�
 V£$�
¢  �¦-�
¥ �|¶0¥ � £�¿
À ¥%¤ �|µQ«�¢�ªZ¨t«�¤�¢A¿�ª���£��!Á ÂÃ«�ª��AÄ ¡�¢�����ª Â;£J¯�¥"�U� Å�±-Æ ¥%q�
©�¢ ¡�¢�����ªMÄ £�¦�§ «�¤�¢A¿�ª2«�¥%¤�¢ ÂÃ«�ª2«�Ä ¡�¢�����ª
Â;£J¯�¥"�U� Ç"±-Æ Ä ¸�°Z¹-È4¨�°Z¹"Ç$»�¼ É4�&¯�ª�¢ZÊ*��¢�¦-�
�^µk¨Ë�
©�¢  �¦� ^�
 V£����^µ ¤#£�¦�§&¥�� �^µ §& �ª���¤� !¯��U�
¢Z§ «�ª�� ¡�¢�����ª
� ¥�Ìk¢b�
¥ �
©�¢q�
¥%« ¥%u�
©�¢5� ¥"��¦�§ £�¦�§ P¥%¤
� £ «�¤�¥���¤���§& �¦&¬ �
 !«Í¼_½j©� �ª��
 !« ¡�¥"¦-��¤�¥"��ª®£������ ¥%¤Î¿
«�©�¥%¬�¢�¦�¢h�
 1¡ � ¥�Ìk¢Z� ¢�¦-�
ªq§&�&¤� �¦&¬ �V£$�
¢�¤5� ���^�
 1¡�¢��������V£J¤.§&¢hÌk¢���¥%«m� ¢�¦-�$¸�°Z¹"¹�»�¼ ½j©�¢ ¢���¥"¦&¬*£$�
¢Z§
� ¥"��¦�§ ¯�¢�¦�§&ª0¥�Ìk¢�¤�£�¦�§ �  !¬"¤#£$�
¢�ª�£�ª0£ � ���^�
 1¡�¢��������V£J¤rª����&¬m¼�½j©�¢9£�¦-�
¢�¤� �¥%¤�¡�¥"¦�ª� �ª��
ª�¥%u«�ª��
¡�¢�����ª ¥"¦��^µ £�¦�§ �
©�¢ «�¥"ª��
¢�¤� �¥%¤ «�ª2« ¥"¦��^µk¼ Ï ©�¢�¦ �
©�¢ ª����&¬ ª��
¥%«�ªZ¨w�
©�¢ �
 !« ÂP�
©�¢ £�¦-�
¢�¤� �¥%¤
«6£J¤�� ¥%�ª����&¬QÄ(ª� ^�
ª ¥"¦ £ ª�¥�� ¢h¶R©}£$�9Ða£$�2�
¢�¦�¢Z§ � ¥"��¦�§ ¡�¥"¦�ª� �ª��
 �¦&¬ ¥%�«�ª2« ¡�¢�����ª Â\¡�£�����¢Z§ £
Ñ2Ò ¢A·& 1¡�£�¦ ©}£$�
Ó G¤�¥��  ^�
ª.£J«�«�¢�£J¤#£�¦�¡�¢�ÄM¼®½j©�¢ �
 !« ¤�¢h��¤#£�¡/�
ª(£�¦�§ �
©�¢ ª���£��!Á ÂÃP¥%¤
� ¢�¤��^µ «�ª��AÄ
¡�¢�����ª�¢���¥"¦&¬*£$�
¢®£�¦�§ Ì%£�¡���¥"�V£$�
¢"¨J«���ª�©� �¦&¬ §&¥�¶R¦ �
©&¤�¥"�&¬�© �
©�¢0� £�ª�ªw¥%mª2«�¥%¤�¢ ÂÃP¥%¤
� ¢�¤��^µ «�ª2«�Ä
¡�¢�����ª ¸ÔÅ�±"±$»�¼r½j©� �ªq� ¥��
 �¥"¦ ©�¥" �ª��
ªb�
©�¢ � £�ª�ªX¥%�ª2«�¥%¤�¢ ¡�¢�����ªR�&« £���¥"¦&¬ �
©�¢ ��¥"¦&¬ ª���£��!Á�¼t½j©�¢
� £$�
�&¤�¢ G¤��� ^�
 �¦&¬ ¯�¥Q§+µ ¡�¥"¦�ª� �ª��
ª ¥%Rª2«�¥%¤�¢ ¡�¢�����ª ª� ^�2�
 �¦&¬ £$�
¥%« £ ª���¢�¦�§&¢�¤ ��£J«�¢�¤� �¦&¬ ª���£��!Á�¼
½j©�¢ ¶R©�¥"��¢ �� !P¢ ¡/µU¡���¢"¨Õª�©�¥�¶R¦  �¦ Ö� !¬��&¤�¢ ÈQ¼1°%¨�¦�¥%¤
� £����^µ ��£JÁ�¢�ª £J¯�¥"�U� Å$× ©�¥"�&¤�ªZ¼ Ï ¢
P¥Q¡���ªR¥"¦ �
©�¢ � ¥"��¦�§ ª���£J¬�¢"¨&¶R©�¢�¦ �
©�¢ ¡�¢�����ªR©}£ZÌk¢ P¥%¤
� ¢Z§ £ ¡�¥�� «6£�¡/��£J¬"¬"¤�¢�¬*£$�
¢.¶R ^�
© £
�V£Zµk¢�¤_¥%�¦�¥"¦Q¿C¡�¢��������V£J¤�ª�©�¢�£$�
© ª��&¤2¤�¥"��¦�§& �¦&¬  ^�Øª�¥9�
©}£$�Ø¦�¥ � ¥%¤�¢X¡�¢�����ªØ¡�£�¦ À ¥" �¦ �
©�¢R� ¥"��¦�§u¼
Ù ¦�¡�¢ �
©�¢ ¡�¢�����ª ©}£ZÌk¢ §& ^¾Y¢�¤�¢�¦-�
 V£$�
¢Z§  �¦-�
¥ «�ª�� £�¦�§ «�ª2« ¡�¢�����ª  �¦ �
©�¢ ¡�¥%¤2¤�¢Z¡/�5«�¤�¥%«�¥%¤��
 �¥"¦i¨
©�¥�¶ §&¥ �
©�¢�¡�¢�����ª�� ¥�Ìk¢q£�¦�§ ª�¥%¤��r �¦ �
©�¢�� ¥"��¦�§ �
¥ P¥%¤
� £ «�¤�¥���¤���§& �¦&¬ Úm¦&¬�¢�¤r¥"¦ �
©�¢R�
¥%«
¥%��
©�¢ � ¥"��¦�§ ¶R©� 1¡�© ¡�¥"¦-��£� �¦�ªb¥"¦��^µ «�¤�¢A¿�ª���£��!Á ¡�¢�����ªMÛ

½0¶0¥ «�¥"ª�ª� !¯���¢ � ¢Z¡�©}£�¦� �ª
� ª(¶R©� 1¡�© ¡�¥"���1§ ¬�¥�Ìk¢�¤�¦ ¤�¢��V£$�
 ^Ìk¢ ¡�¢����_� ¥��
 �¥"¦ £J¤�¢ §& ^¾Y¢�¤�¢�¦Q¿
�
 V£���£�§&©�¢�ª� �¥"¦ ¯6£�ª�¢Z§ ¥"¦ �
©�¢ §& ^¾Y¢�¤�¢�¦-�.ª��&¤2\£�¡�¢ £�§&©�¢�ª� ^Ì+ ^�
 �¢�ª(¯�¢h�|¶0¢�¢�¦ «�ª2« £�¦�§ «�ª��9¡�¢�����ªZ¨
£�¦�§ ¡�©�¢Z� ¥���£�¡/�
 1¡ � ¥��
 �¥"¦ ¥%�¡�¢�����ª £���¥"¦&¬ £ ¡�©�¢Z�  1¡�£��w¬"¤#£�§& �¢�¦-� G¤�¥�� «�¢�¤�ª� �ª��
¢�¦�¡�¢ ¥%Ø�
©�¢
§& ^¾Y��ª� !¯���¢ ª� !¬�¦}£���ªj¶R©� 1¡�© «��V£Zµ £ ¡h¤���¡� V£��u¤�¥"��¢ §&�&¤� �¦&¬ ¡�¢����Ë£J¬"¬"¤�¢�¬*£$�
 �¥"¦i¼

°�Ü�º



Ý�Þ!ß�à&á�âjãQä1å%æ�çÍÞ!èPâ�é/êUé�ë�âtì%è�í9î;ï�ð>ñ-ò$óAðCô�õEîGö+÷ ä�øjù�ârÞ�ú�û&Þ^ü+Þ1û&à}ý�ë+é�â�ë�ë�þ�ýJá�â�ýJÿ�ì"à��®å������ Þ�ú û&ÞVý�� 	
â
�
â�áZä�øjù�â.èGá�à�Þ��
Þ�ú&ß ÿ�ìQû+ê Þ�þbýJÿ�ì"à����� � ù�Þ!ß�ùiä��qß"ß"á�â�ß*ý��
Þ�ì"ú þ���ýJá��
þ���� ýJè��
â�á�þ���ýJá�ü%ý��
Þ�ì"ú��
ý �
Þ!ß�ù���� ì"à�ú�û èPì%á�� þ0ý��XýJÿ�ì"à��9å��������
Þ�� èPì%á�� ý��
Þ�ì"ú  mú�Þ�þ�ù�â�þ�ÿ*ê å"!#���+é�à�ë$� Þ�ú}ý��
Þ�ì"ú ��ý&%�â�þ
� ù�ì"à&á�þXèGá�ì#� å�'�� �
ì !�()� *,+�ì"à&á��
â�þ�ê ì%è.- ä}çÍì4ì#� Þ�þ�/�ä

å"0�ã



1)243 576�8�9;:<9>=�?�6A@�B�C7DFEG9>H<6JIK=

L ?�9>6J=NMO9;:QP RTS�UGV�W.S�UXS)W.S�UK3�WYS�U�Z�[\H<]FPKP#9>H�?�9�D ?�E^@�? ?�EG9 6J=�?�9;:_@�`a?�6JIK= MO9
?cbd9>9>= ?cbdI `;9>BJBJH
6J=�eXIKB�eX9�D @�= @�DFEG9>H<6JIK= H<]F:Qfg@�`;9 9>=G9;:QPih bjEG6$`kE DF9;lO9>=mDF9�D IK= ?�EG9 `;9>BJBn?ch)lO9>Hj?�EF:<IK]FP#E `;9>BJB
@�DFEG9>H<6JIK= o IKBJ9�`;]GBJ9>H IK= ?�EG9 `;9>BJBpo 9�o MG:_@�=G9>H�2 qr6JH DF6�8�9;:<9>=�?�6A@�B @�DFEG9>H<6JIK= E�h)lOI�?�EG9>H<6JH
s 5Ctqpu7H�?k@�?�9>H ?�E^@�? `;9>BJBJH 9;:QP#I)DF6$`v@�BJB�h 9xw�lmBJIi:<9 ei@&:<6JIK]GH `;IK=�ymP#]F:_@�?�6JIK=GH ?�I @&:Q:<6�eX9 @�? ?�EG9
BJIzbd9>H�?|{}9>=G9;:QPih `;IK=�ymP#]F:_@�?�6JIK=�2C7DGDF6�?�6JIK=^@�B~9>=G9;:QPih `;I#o 9>Hjf�:<I#o ?�EG9 H<]F:Qfg@�`;9 ?�9>=GH<6JIK= MO9x{
?cbd9>9>= `;9>BJBJH @�=mD ?�EG9 9xw�?<:_@�`;9>BJBJ]GBA@&: o 9�DF6J]mo 2 ��EG6JH 9>=G9;:QP#9
?�6$`;H Mm6A@�H<9>H ?�EG9 I�?�EG9;:�bj6JH<9
:_@�=mDFI#o o IzeX9�o 9>=�? Iif�`;9>BJBJH 6J= @&PKPK:<9;PN@�?�9>H�WY`v@�]GH<6J=FP ?�EG9�o ?�I :<9"@&:Q:_@�=FP#9 6J=�?�I l�@�?Q?�9;:<=GH
bj6�?�E o 6J=G6$o @�B�H<]F:Qfg@�`;9 9>=G9;:QPihX2

� w�lO9;:<6$o 9>=�?�H�6J= �����&���t`;9>BJB�@&PKPK:<9;PN@�?�9>HdH<EGIzbd9�D 9
e�6$DF9>=m`;9p?�E^@�?jDF6�8�9;:<9>=�?�6A@�Bn@�DFEG9>H<6JIK=
`v@�= DFI#o 6J=^@�?�9 `;9;:�?k@�6J= ?ch)lO9>H IiftH<Ii:�?�6J=FP RTS�UX�z[�2 L ]F:Qfg@�`;9 @�DFEG9>H<6�e�6�?ch 6JH ?ch)lO9x{}H<9>BJ9�`a?�6�eX9K2
57]F:<6J=FP ?�EG97:<9;P#9>=G9;:_@�?�6JIK= Iif������&���7@&PKPK:<9;PN@�?�9>H�W�9�`a?�I)DF9;:�o @�B�`;9>BJBJH�H<]F:Q:<IK]G=mD 9>=mDFI)DF9;:�o @�B
`;9>BJBJH�bjEG6$`kE f�Ii:�o @ H<6J=FP#BJ9 `;BJ]GH�?�9;:t6J= ?�EG9 o 6$DGDFBJ9K2���EG9 6J=G6�?�6A@�B�H<]F:Qfg@�`;9 H<Ii:�?�6J=FP 6JHt:_@&lm6$D
@�=mD H<BJIzbjH 6J= ?�6$o 9KW\@&lGl�@&:<9>=�?�B�h BJIiPN@&:<6�?�Emo 6$`v@�BJB�h RTS�UX�"[�W�H<]FPKP#9>H�?�6J=FP ?�E^@�? H<Ii:�?�6J=FP 6JH @�=
@�`a?�6�ei@�?�9�D lG:<I)`;9>H<H�2 �tBA@&��6J9;: @�=mD �7:_@�=G9;:�W�]GH<6J=FP @�= 9xw�?�9>=mDF9�D BA@&:QP#9x{�� ��I�?Q?�H o I)DF9>B
bj6�?�E DF6�8�9;:<9>=�?�6A@�BY@�DFEG9>H<6�e�6�?chXW�H<EGIzbd9�D ?�E^@�?�DF6�8�9;:<9>=�?�6A@�BY@�DFEG9>H<6JIK= bj6�?�E ��]m`a?�]^@�?�6JIK=GH�`v@�=
9xw�lmBA@�6J= @�bj6$DF9�ei@&:<6J9
?chpIif�9xw�lO9;:<6$o 9>=�?k@�Bi`;9>BJBX`;IK=�ymP#]F:_@�?�6JIK=GH�RTS�UK��[�2 L ?�]mDF6J9>H.]GH<6J=FP�`kEG6$`_�#9>=
9�o MG:�hXI `;9>BJBJHH<EGIzbd9�D ?�E^@�?�?�EG9 `;9>BJBJHj6J=mDF9>9�D lO9;:Qf�Ii:�o 9�D @ Mm6A@�H<9�D :_@�=mDFI#o b�@�B�� W�`v@�]GH<9�D
MNh `ah�?�IKHQ�#9>BJ9
?k@�BJB�h D�:<6�eX9>= o 9�o MG:_@�=G9���]m`a?�]^@�?�6JIK=GH�RTS�U�1�WNS�UK¡¢[�2¤£¥I�?�E ?�EG9j`kEG6$`_�#9>= 9�o MG:�hXI
`;9>BJB¤9xw�lO9;:<6$o 9>=�?�H @�=mD H<6$o ]GBA@�?�6JIK=GH `;IK=�ym:�o 9�D ?�E^@�? H<Ii:�?�6J=FP ]G=mDF9;: 5Ctq 6JH @ DF6�8�]GH<6JIK=
?�EF:<IK]FP#E @ :<]FPKP#9�D f�:<9>9 9>=G9;:QPih BA@�=mDFH�`v@&lO9K2

1)243F2$V � w�lO9;:<6$o 9>=�?�H

¦ 9>BJB�H<Ii:�?�6J=FP 6JH7?�EG9 `;BA@�H<H<6$` MO9>E^@�e�6JIi:tIif§o 6¨wF9�D EG9
?�9;:<I�?ch)lm6$` @&PKPK:<9;PN@�?�9>H�2p©ª6�P#]F:<9 1)2«S
H<EGIzbjH @�= 9xw�lO9;:<6$o 9>=�?k@�B¤IiMmH<9;:�ei@�?�6JIK= Iif�`;9>BJB\H<Ii:�?�6J=FP Iifd=G9>]F:_@�B s BJ6�P#E�?xu @�=mD lm6�PXo 9>=�?�9�D
s D�@&:Q�mu\:<9
?�6J=^@�B�`;9>BJBJH�f�:<I#o `kEG6$`_�#9>= 9�o MG:�hXIKH RTS�U�1"[�2¤��EG6JH�:<9>H<]GB�?�:<9>H<9�o MmBJ9>H¥?�E^@�?�:<9;lOIi:�?�9�D

V"��¡



¬J ®°¯�±X²z³�´ µ¶G¬�·�¬A¸�¹J¹�ºX»�·�¼G½ ¾�¸&¿QÀ Á;½>¹J¹JÂ ¸&¿<½ ¿_¸�m¾FÃ#Ä ¹�º ¾F¬JÂQÅO½;¿<Â<½�¾ ·�¼F¿<ÃKÆFÇ#¼GÃKÆ�·p·�¼G½ ¸&ÇKÇK¿<½;ÇN¸�·�½

È ¬�·�¼ Â<Ã#Ä ½ ¬J Á;ÃK�·k¸�Áa· È ¬�·�¼ ·�¼G½ Ä ½�¾F¬JÆmÄ ®ÊÉª¬�Ç#ÆF¿<½ Ë)´«²FÌÍ¸XÎÏ»¤¸&Ð�·�½;¿ Ñ#Ò�³�´ Ó�· ¸ ¹A¸�·�½;¿ ·�¬$Ä ½
®ÊÉª¬�Ç#ÆF¿<½ Ë)´«²FÌÕÔOÎÏ»�¸&Ð�·�½;¿ ¯�Ö�Ò�³�»ª¾�¸&¿QÀ Á;½>¹J¹JÂ ¼^¸�×X½ Ð�Ãi¿�Ä ½�¾ ¹A¸&¿QÇ#½ Á;¹JÆGÂ�·�½;¿<Â ¸�m¾ ¸&¿<½ Â<½;Å�¸&¿_¸�·�½�¾
Ð�¿<Ã#Ä ·�¼G½tÄ ½�¾F¬JÆmÄ ÔNº ¸ Ä ÃKGÃK¹A¸�ºX½;¿ØÃiÐn¹J¬�Ç#¼�·dÁ;½>¹J¹JÂ�´¤ÙY¸�·�½;¿�Â�·�¬J¹J¹Ú»�®ÊÉª¬�Ç#ÆF¿<½ Ë)´«²FÌgÁzÎÏ»�¸&Ð�·�½;¿�Ëi²#Ò�³
·�¼G½ ¾�¸&¿QÀ Á;½>¹J¹JÂÐ�Ãi¿�Ä ¸ Â<¬JFÇ#¹J½ ¿<ÃKÆGm¾F½�¾ Ä ¸�Â<Â�¬JGÂ<¬$¾F½ ½"¸�Ák¼ ¸&ÇKÇK¿<½;ÇN¸�·�½ È ¼G¬$Ák¼ Ä ¸�º Ãi¿rÄ ¸�º
GÃ�·�ÔO½ È ½>¹J¹nÁ;½>�·�½;¿<½�¾�´

Ó Â<¬$Ä ¬J¹A¸&¿\ÅG¿<Ã)Á;½>Â<Â¥Ã)Á>Á;ÆF¿<Â¥¬J ¸ Ä ¬¨ÛF½�¾ ¸&ÇKÇK¿<½;ÇN¸�·�½ÃiÐªÜ�ÝÍÞ;ßáà�â�ãxßåä;æ«Ý�ç�è Á;½>¹J¹JÂ�´~é ¼G½> Á;½>¹J¹JÂ
Ð�¿<Ã#Ä ·�¼G½�¸��·�½;¿<¬JÃi¿rÌÕÅmÂ�·xÎ�¸�m¾ ÅOÃKÂ�·�½;¿<¬JÃi¿�ÌÕÅmÂQÅOÎªÅ�¸&¿�·�Â\ÃiÐ�¸�Â<¹JÆFÇ ¸&¿<½¾F¬JÂ<Â<Ã)Á;¬A¸�·�½�¾ ¸�m¾ Ä ¬¨ÛF½�¾
¬J ¸� ¸&ÇKÇK¿<½;ÇN¸�·�½ ¬J ·�¼G½ ¿<¬�Ç#¼�· ÅG¿<ÃiÅOÃi¿�·�¬JÃKGÂ�»Ø·�¼G½ · È Ã ·cº)ÅO½>Â ÃiÐpÁ;½>¹J¹JÂ Â<Ãi¿�·v´ Éª¬�Ç#ÆF¿<½ Ë)´4ê
¿<½;ÅG¿<Ã)¾FÆmÁ;½>Â ·�¼G½ ÃiÔmÂ<½;¿�×i¸�·�¬JÃKGÂ ÃiÐ�ëì¸&À#½>ÆmÁk¼G¬pä
ßdíiæ�î<¬J ®T²�ÖK±�³�´ µ¶G¬�·�¬A¸�¹J¹�ºX»�Éª¬�Ç#ÆF¿<½ Ë)´4êmÌÍ¸XÎÏ»ï¸�·
²#Ò�»j·�¼G½ ¾�¸&¿QÀ ÌÕÅmÂQÅOÎ ¸�m¾ ¹J¬�Ç#¼�· ÌÕÅmÂ�·xÎ Á;½>¹J¹JÂ ¸&¿<½ ¿_¸�m¾FÃ#Ä ¹�º Ä ¬¨ÛF½�¾�´ ë È Ã ¼GÃKÆF¿<Â ¹A¸�·�½;¿�»
Éª¬�Ç#ÆF¿<½ Ë)´4êmÌÕÔOÎÏ»�¸�· ð)Ò�»Ø¹J¬�Ç#¼�· Á;½>¹J¹JÂ Ð�Ãi¿�Ä Á;¹JÆGÂ�·�½;¿<Â ¬J ·�¼G½ ¸&ÇKÇK¿<½;ÇN¸�·�½K´ ë�¼G½>�»d¸ ¹A¸�ºX½;¿ ÃiÐ
GÃK)ñåÁ;½>¹J¹JÆG¹A¸&¿�Â<¹J¬$Ä ½�Â<¼G½"¸�·�¼ Ð�Ãi¿�Ä Â\¸&¿<ÃKÆGm¾ ·�¼G½r¸&ÇKÇK¿<½;ÇN¸�·�½ È ¼G¬$Ák¼ Á;Ã#Ä Åm¹J¬$Áv¸�·�½>Âì·�¼G½Â<Ãi¿�·�¬JFÇ�´
µ¶GÂ�·�½"¸�¾ ÃiÐY¹J¬�Ç#¼�·�Á;½>¹J¹JÂ�Ð�Ãi¿�Ä ¬JFÇ ¸ Â<¬JFÇ#¹J½�Á;¹JÆGÂ�·�½;¿�¬JGÂ<¬$¾F½t·�¼G½ ¸&ÇKÇK¿<½;ÇN¸�·�½K»N·�¼G½pÂ<¼G½"¸�·�¼ Â<½>½�Ä Â
·�Ãt¸�·Q·<¿_¸�Áa·.·�¼G½Ø¹J¬�Ç#¼�·ìÁ;½>¹J¹JÂ.·�Ãj·�¼G½¥Â<ÆF¿QÐg¸�Á;½K»�Â<¼GÃ È  ¬J Éª¬�Ç#ÆF¿<½�Ë)´4êmÌgÁzÎÏ»�¸�·ìò�Ò�´�ó�Ãi¿�·�¬JFÇrô�G¬JÂ<¼G½>Â

È ¼G½>�·�¼G½¤¹J¬�Ç#¼�·.Á;½>¹J¹JÂnÐ�Ãi¿�Ä ¸d¹A¸�ºX½;¿�Â<ÆF¿Q¿<ÃKÆGm¾F¬JFÇ�·�¼G½Ø¸&ÇKÇK¿<½;ÇN¸�·�½K»�¼^¸�×�¬JFÇjÄ ¸zÛF¬$Ä ÆmÄ Á;ÃK�·k¸�Áa·
¸&¿<½"¸ È ¬�·�¼ ·�¼G½pÂ<¹J¬$Ä ½tÂ<¼G½"¸�·�¼�»m¸�m¾ ·�¼G½�¾�¸&¿QÀ Á;½>¹J¹JÂdÐ�Ãi¿�Ä ¸ Â<¬JFÇ#¹J½�Á;¹JÆGÂ�·�½;¿�¬J ·�¼G½ Ä ¬$¾G¾F¹J½tÃiÐ
·�¼G½ ¸&ÇKÇK¿<½;ÇN¸�·�½K»�GÃ�·jG½�Á;½>Â<Â_¸&¿<¬J¹�º ¬J ·�¼G½ Á;½>�·�½;¿�»^¸�Â�Â<¼GÃ È  ¬J Éª¬�Ç#ÆF¿<½ Ë)´4êmÌg¾�ÎÏ»�¸�·�õ�Ò�´

Ë)´4êF´«² ö Ã)¾F½>¹

ó�¬$Ä ÆG¹A¸�·�¬JÃKGÂ ÃiÐdÁ;½>¹J¹¤Â<Ãi¿�·�¬JFÇ ÆGm¾F½;¿ ¾F¬�÷�½;¿<½>�·�¬A¸�¹§¸�¾F¼G½>Â<¬JÃK Â�·k¸&¿�·�½�¾ È ¬�·�¼ Á;½>¹J¹JÆG¹A¸&¿ ¸�Æ)ñ
·�Ã#Ä ¸�·�ÃK Ä Ã)¾F½>¹JÂ È ¼G½;¿<½ ½"¸�Ák¼ ¹A¸�·Q·�¬$Á;½ Â<¬�·�½ ¿<½;ÅG¿<½>Â<½>�·�Â�ÃKG½ Á;½>¹J¹ È ¼G¬$Ák¼ ¬J�·�½;¿_¸�Áa·�Â È ¬�·�¼ ¬�·�Â
G½>¬�Ç#¼NÔOÃi¿<Â ®T²�¯�Ö�³�´ØÙY¸�·�½;¿�¬$Ä ÅG¿<Ãz×X½�Ä ½>�·�Â�¬JmÁ;¹JÆm¾F½�¾ ·�¼G½ ¹JÃKFÇ�ñ¶¿_¸�FÇ#½ ½
÷�½�Áa·�Â�ÃiÐ�Â<ÆF¿QÐg¸�Á;½p·�½>)ñ
Â<¬JÃK ®T²�¯K¯x³�»�·�¼G½ ·�ÃiÅOÃK¹JÃiÇiº ÃiÐ�·�¼G½ Å�¸�·Q·�½;¿<GÂ ®T²�¯"²z³ ¸�m¾ Á;½>¹J¹rÇ#½>Ã#Ä ½
·<¿<¬J½>Â ¸�m¾ Ä ÃK¹J½�Á;ÆG¹A¸&¿
¾�º�^¸�Ä ¬$Á;Â ®T²�¯�ê�»�²�¯
ð�³�´

ø ¿_¸�G½;¿ ¸�m¾ ø ¹A¸&ù�¬J½;¿ ®T²�¯"Ñ�»¥²�ÖKò¢³r½xÛ�·�½>m¾F½�¾ ·�¼G½ Â�·k¸�m¾�¸&¿�¾ ¹A¸&¿QÇ#½xñ�ú û�Ã�·Q·�Â Ä Ã)¾F½>¹d·�Ã
¬JmÁ;¹JÆm¾F½�¸&¿<½"¸pÁ;ÃKGÂ�·<¿_¸�¬J�·�ÂØ¸�m¾ ·cº)ÅO½xñå¾F½;ÅO½>m¾F½>�·§ÔOÃKÆGm¾�¸&¿�º ½>G½;¿QÇ#¬J½>Â�·�Ã Â�·�Æm¾�º Á;½>¹J¹mÂ<Ãi¿�·�¬JFÇ
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MONQPQM�R3MESUTWVYX�SUZAT�[]\_^O\!Sa`b^]c<d3VYSUde`fSUMOZANQT+gfSUPQ\�V?\_^O^�h \+h RQij`bNQ\_Tk`mlQln\$`mik\_ToTo\_NCSUMp`b^O^EX qrio\_\sqrioZ]h
c<d3VYSUde`fSUMOZANQT+tvu5\!w<NQMON�x y `bTsSUPQ\5\!z{\+VYSUME|}\~c<d3VYSUde`fSUMOZAN SU\+h ln\?ij`fSUd�io\~q/Z�i�V?\_^O^OT�h `m[]\_T�SUPQ\
To\?ioMOZAdQT�`bToTod3h l�SUMOZAN SUPe`fS;SUPQ\ V?\_^O^HTod�i�q�`�V?\ h Z�|}\_T5`bT5M�q�MES;��\?io\ �6ioME|}\_N R�X dQN3V?Z�i�io\_^p`fSU\+�
SUPQ\?iUh `b^6NQZAMOTo\At���SvSUPQ\�SUM�h \�SUPQMOT�h Z���\_^���`bT�lQioZ�lnZATo\+� ���6�$����g}NQZ \��6ln\?ioM�h \_NCSa`b^�\!|�M���\_N3V?\
Tod�lQlnZ�i�SU\+� SUPQMOT `bToTod3h l�SUMOZAN
t ��PQ\ h Z���\_^���`bT R�`bTo\+� ZAN MESUT l3PCX�ToM�V�`b^�ToM�h l3^OM�V?MES�X `bN3�
MESUT�ToM�h MO^p`mioMES�X SUZ h `mx]NQ\!SUM�V�h `fSU\?ioMp`b^OT+t��5NQ^EX io\+V?\_NCSU^EX Pe`+|}\ T�SUd3��MO\_T�ToPQZ��~N ��de`bNCSUMESa`fSUME|}\
`mxAio\_\+h \_NCS�Rn\!S���\_\_N SUPQ\ ToM�h dQ^p`fSUMOZAN io\_TodQ^ESUT qrioZ]h SUPQ\ \���SU\_N3��\+� ��Z�S�SUT h Z���\_^�`bN3� \��� 
ln\?ioM�h \_NCSa`b^�io\_TodQ^ESUTvqrioZ]h VaPQM�Vj[]\_N \+h RQi�X}Z�V?\_^O^OT;����¡A¢6gC�6�+£f��g]Tod�lQlnZ�i�SUMON�x SUPQ\�M���\$`5SUPe`fS�SUPQ\
V?\_^O^¤h \+h RQij`bNQ\ c<d3VYSUde`fSUMOZANQT `mio\ SUPQ\?iUh `b^t ¥ Z�io\ ��\!Sa`bMO^O\+� ��de`bNCSUMESa`fSUME|}\ io\_To\$`miUVaP h dQT�S
|}\?ioM�q¦X SUPQ\_To\ `bToTod3h l�SUMOZANQT&`bN3� io\!|}\$`b^{SUPQ\�SoiodQ\ dQN3��\?io^EX�MON�x l3PCX�ToM�V?T+t

��PQ\ h Z���\_^¤Pe`bT�S���Z V!ioMESUM�V�`b^�SU\+h ln\?ij`fSUd�io\_T+g{y{§�¨�`bN3� y{§ª©$t ��PQ\ \_NQ\?i�x�X io\+��dQM�io\+� SUZ
RQio\$`m[ ` T�Soij`bM�x]PCS~��`b^O^IRn\!S���\_\_N V?\_^O^OT;��\!SU\?iUh MONQ\_T�y{§�¨Yt��;T;MO^O^OdQT�Soij`fSU\+� MON «kM�x]d�io\ ¬�t®<geZAN
` TU��de`mio\ ^p`fS�SUM�V?\��~MESUP q/ZAd�i�SUP NQ\$`mio\_T�S�NQ\_M�x]P�RnZ�i~MONCSU\?ij`�VYSUMOZANQT+g6SUPQ\ V?ZAN6w3x]d�ij`fSUMOZAN \_NQ\?i�x�X
��MEz{\?io\_N3V?\ Rn\?q/Z�io\ `bN3� `mq¦SU\?i;SUPQ\ T�l3MON c<M�l MOT ¯ ° ± �$�A²�¨©´³ ¢}²�¨©�± �²�¨©+t ��PQ\?io\?q/Z�io\Ag
y{§�¨�µ �²�¨©+gQTod3VaP SUPe`fS�SUPQMOT�T�l3MON c<M�l Pe`bT&` io\$`bToZANe`mR3^O\�lQioZ�R�`mR3MO^OMES�X}gQ\��6l·¶�³¸¯ ° ¹�y{§�¨�LºgQZ�q
Z�V_V?d�i�ioMON�x<t ²�¨© PQ\?io\ V�`bN Rn\ \_MESUPQ\?i PQZ]h Z�S�X�l3M�V Z�i PQ\!SU\?ioZ�S�X�l3M�V V?ZAd�l3^OMON�x<t »¼\_^OZ�� y{§�¨�g
V?\_^O^�h \+h RQij`bNQ\_Ts`mio\�SUZ�Z ioM�x]M�� `bN3� V?\_^O^OT¼Pe`+|}\~T�Soij`bM�x]PCSsRnZAdQN3�<`mioMO\_T�`bN3� V�`bNQNQZ�S´V!iod3h l3^O\
\_NQZAd�x]P SUZ io\_TodQ^ES�MON V?\_^O^½RnZ���X h Z�|}\+h \_NCS�t�¾s`�VaP V?\_^O^
`bToTod3h \_T�ToPe`mln\_T��~MESUP RnZAdQN3�<`mioMO\_T
`b^OM�x]NQ\+� MON SUPQ\ ^OZ�� \_NQ\?i�x�X Z�ioMO\_NCSa`fSUMOZAN V?^OZATo\_T�S;SUZ SUPQ\ io\+��dQM�io\+� h MONQM�h `b^-Tod�i�q�`�V?\_T+gnR3d6S
SUPQ\�l�`fS�SU\?ioN qrio\_\?¿+\_T�MON ` h \!Sa`bT�Sa`mR3^O\�V?ZAN6w3x]d�ij`fSUMOZAN
tWÀ&Z ToZ�i�SUMON�x V�`bN Z�V_V?d�i+tW��PQ\~To\+V?ZAN3�
V!ioMESUM�V�`b^�SU\+h ln\?ij`fSUd�io\5MOT�SUPe`fS�`fS��~PQM�VaP MON3��ME|�M���de`b^
V?\_^O^OT���MOToToZ�V?Mp`fSU\AtkÁ PQ\_N ` T�l3MON �~PQM�VaP
MOT5Tod�i�ioZAdQN3��\+� R�X ZANQ^EX h MOTUh `fSÂVaPQ\+� T�l3MONQT¸Pe`bT ` ^OZAN�x \��6ln\+VYSU\+� ^OM�q/\!SUM�h \AgÃMES�V�`bN qrio\_\_^EX
��\!Sa`�VaP qrioZ]h SUPQ\ V?\_^O^´`bN3� SUPQ\ V?\_^O^�q�`b^O^OT `ml�`mi�S�t ��P�dQT y{§ª© MOT Ä ²�¨©�gH�~MESUP À SUPQ\ SUZ�Sa`b^
N�d3h Rn\?i¸Z�q�NQ\_M�x]P�RnZ�ioT�q/Z�i;SUPQ\ T�l3MON
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ÝQÎ$×mÍoÎ_Û�Ø�ÝQÎ_Ê�Ë]Õ�änÙ�Í�ÊOÝCØUÎ?Íj×�ÔYØUÊOÙAÝ
Ð

å ÕQÎ_ÛoÎ Ô!ÍoÊEØUÊ�Ô�×bâ�ØUÎ+Ö ÜnÎ?Íj×fØUÌ�ÍoÎ_Û à�ÊEæ{Î?Í Ú/Ù�Í à�ÊEæ{Î?ÍoÎ_ÝCØ Ô?Î_âOâ�Ø�ç�ÜnÎ_Û Þ~ÕQÊ�ÔaÕ Õe×+è}Î à�ÊEæ{Î?ÍoÎ_ÝCØ
ÛoÌ�Í�Ú�×�Ô?Î�Î_ÝQÎ?Í�Ë]ÊOÎ_Û+Ð¤é�Ý ÜQÍj×�ÔYØUÊ�Ô?ÎAê�ØUÕQÎ�ÛoÊ�Ö ÌQâp×fØUÊOÙAÝQÛWÍoÌQÝ ×fØ¼×;ØUÎ+Ö ÜnÎ?Íj×fØUÌ�ÍoÎ�ÕQÊ�Ë]Õ Î_ÝQÙAÌ�Ë]Õ ØUÕe×fØ
Î!è}Î_Ý ØUÕQÎ Ö ÙAÛ�ØÅÍoÊ�Ë]Ê�à Ô?Î_âOâkÖ Î+Ö äQÍj×bÝQÎ_Û ëìÛUÖ ×bâOâOÎ_Û�Ø5Ô?ÙAÌ�Ü3âOÊOÝ�Ë Û�ØoÍoÎ_Ý�Ë�ØUÕ íWî�ï?ð�Ô�×bÝ ñ<Ì3ÔYØUÌe×fØUÎAê
ç}Î!Ø¼âOÙ�Þ Î_ÝQÙAÌ�Ë]Õ ØUÕe×fØsØUÕQÎ~Þ�Î$×mò]Î_Û�Ø¼Ô?Î_âOâÃÖ Î+Ö äQÍj×bÝQÎ_Û&ëìâp×mÍ�Ë]Î_Û�Ø´Ô?ÙAÌ�Ü3âOÊOÝ�Ë Û�ØoÍoÎ_Ý�Ë�ØUÕ íWî�ï?ð¤Þ~ÊOâOâ
ÝQÙ�Ø�äQÍoÎ$×mò ×mÜ�×mÍ�Ø�Ð�é�Ý Ù�ØUÕQÎ?Í�Þ�Ù�ÍUà�Û+ê�ó ô}õHë/ö{÷�øoð´ù ö ù ó ú�ûvë/ö{÷ªü�ðºÐ

é�Ý ÜQÍoÊOÝ3Ô?Ê�Ü3âOÎAê�Û�Ü3ÊOÝQÙ�à<×bânà�Î+Ô?Ù]Ö ÜnÙAÛoÊEØUÊOÙAÝ à�Î!ý<ÝQÎ_Û�×�ØUÕQÊ�ÍUà Ô!ÍoÊEØUÊ�Ô�×bâ3ØUÎ+Ö ÜnÎ?Íj×fØUÌ�ÍoÎ þ�ÿ������ ×fØ
Þ~ÕQÊ�ÔaÕ à<×mÍ�ò ×bÝ3à âOÊ�Ë]ÕCØ5Ô?Î_âOâOÛ;Ö Ê��ÇÐ å ÕQÎ Û�Ü3ÊOÝQÙ�à<×bâkà�Î+Ô?Ù]Ö ÜnÙAÛoÊEØUÊOÙAÝ âOÊ�Ö ÊEØÅÙ�Ô_Ô?Ì�ÍoÛ~Þ~ÕQÎ_Ý ØUÕQÎ
Î_ÝCØoÍoÙ�Ü�ç ×bÝ3à Î_ÝQÎ?Í�Ë�ç ×mÍoÎ´Ù�ÚQØUÕQÎ�Ûj×�Ö Î¼Ù�ÍUà�Î?Í+Ð	�&Ê�Ë]ÕQÎ?ÍkØUÎ+Ö ÜnÎ?Íj×fØUÌ�ÍoÎ_Û-Þ�Î$×mò]Î_Ý ×mÍoÎ$×�
�è}ÙAâOÌ3Ö Î
Ô?ÙAÝQÛ�ØoÍj×bÊOÝCØUÛ~×bÝ3à ØUÕQÎ Ü�×fØ�ØUÎ?ÍoÝQÛ~Ô?ÙC×mÍoÛoÎ_Ý
Ð å ÕQÎ_ÛoÎ âOÊ�Ö ÊEØUÛ+ê�ÕQÙ�Þ�Î!è}Î?Í+ê3×mÍoÎ ×mänÙ�è}Î�ö{÷ªü�Ð

å ÕQÊOÛ�ÛoÊ�Ö Ü3âOÎ�Ö Ù�à�Î_âê�Þ~ÕQÊ�ÔaÕ ÊOÝ3Ô?âOÌ3à�Î_Û�ÙAÝQâEç à�ÊEæ{Î?ÍoÎ_ÝCØUÊp×bâ ÛoÌ�Í�Ú�×�Ô?Î�Î_ÝQÎ?Í�Ë]ÊOÎ_Û~×bÝ3à ×bÝ ×mÍoÎ$×
Ô?ÙAÝQÛ�ØoÍj×bÊOÝCØ�ê�Þ~ÊEØUÕ ÊOÛoÙ�ØoÍoÙ�Ü3Ê�Ô�Ô?Î_âOâOÛ¼×bÝ3à Þ~ÊEØUÕQÙAÌ6Øsà�Î!Øa×bÊOâOÎ+à Ö Î+Ö äQÍj×bÝQÎ�Ù�Í�ÔYç�ØUÙAÛ�ò]Î_âOÎ!Øa×bâ6ÜQÍoÙ�Ü�ß
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prq.sYt u�vHw\x�y1z y1z v'q.s t u�v'y1{1s |�s,z%}Tu�~.z�s u4�U�7s,{1{1z u4| u4|%��wA~.y1z't z)v'u w ��|fw���y1s,~@v u4��w ��y��0�
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t u�v'y1u�~C�"wAzRy1~ ��w���v's7|�y0wA{Ct u�v'y1u�~Cm

� ��|�y1~�� wE����|�s7��w�v'y1u�~ u4���)�L�7 ¢¡@£�¤� ¦¥7§��¨ © ��z�u�t sª�7s,{1{1zY�Ez�ue�«wA{1{1sY� }�w��7s��¦t wE��s7|¬�7s,{1{1zY�Az%}Tu�~��
vHwA~.s,u��.z�{<� z9� ~@v'q.s,z�y�Ys wA~"� z�sY�®|�s®v's }"�.{1z�s,z u4� �7¯±° ²	���®|�sGw�v'y1~�� w ��|fw���y1s,~@v u4� �7¯±° ²
wE|�u��.~"� v'q.sYt z�s,{<³�s,zYm ¯ ~.s,y���q��Tu4|�y1~�� �7s,{1{R|�s,z%}Tu�~"��z v'u z��"�Hq w ��|fw���y1s,~@v ´;y<v'q z�s®³�s7|fwA{
w���v'y1u�~.zYm �Lv t u\³�s,z±z�u�t s t y-�®|�u�t s®v's7|�zb��} v'q.s ��|fw���y1s,~@v)v'u\´RwE|'��zbv'q.s z�u���|'�7s u4�r�7¯±° ²
µ v'q.s s�x¶w���v }�w�v'q@´RwY� �Ts®v�´Us,s,~ v'q.s t sYt �.|fwA~.s �7¯±° ² |�sY�7s7}�v'u4|�z wA~"� ���·v'u�z%��s,{1s®vHwA{Bt uE�
v'y1u�~ y1z ~.u�v ��s®v �7{1sGwE|¹¸ ºh»½¼Y¾½�ª»½¼Y¿�Àk��wA~"� y<v z9� ~@v'q.s,z�y�Ys,z wA~"� |�s,{1sGwAz�s,z y<v'z u\´;~ }"�.{1z�s u4�
�7¯±° ²	�¶w�v%v�|fw���v'y1~�� ~.s,y���q��Tu4|�y1~�� �7s,{1{1zYm��LvRv'q.s,~ �TsY�7u�t s,z�|�s7��|fw���v'u4|9� ��u4|dw }Ts7|�y1u�� u4�	z�s®³@�
s7|fwA{�t y1~·�½v's,zr����|�y1~�� ´;q.y-�Hq y<vÁ�«wA~.~.u�vÁt u\³�s;u4|ª|�s,z%}Tu�~"� v'u �7¯±° ² z�y���~JwA{1zYmÃÂd~"��s7|Át u�z9v
~Jw�v'��|fwA{��7u�~"��y<v'y1u�~.z sGw��Hq �7s,{1{Bw�t }"{1y<Ä¶s,zbv'q.s �7¯±° ² z�y���~JwA{Å�Æ´;q.y-�Hq t sGwA~.zev'qJw�v±v'q.s �7s,{1{
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w���s,~@� {0w�v's ��� {-�«wAz�s v'u z9� ~@v'q.s,z�y�Ys ÌEÍÏÎfÉ�ÍÐ�¦�7¯±° ² ��|�u�t ¯�Ç�²�Ñ�wA~"� �Tu�v'q z�sY�®|�s®v'sY� wA~"� z���|Ò�
�[w��7s6}"q.u�z%}"q.u���y1s,z9v's7|fwAz�s6v'u±��s7��|fw���sU�7¯±° ² v'u±�Hq.sYt u�vHw���v'y-�«wA{1{<� y1~Jw���v'y<³�s�É�ÍÔÓÕ�7¯±° ²	mEÇ�q.s
�7u�~"�7s,~@v�|fw�v'y1u�~ u4���7¯±° ² |fwA~���s,z���|�u�t ¼YÖ�×�ØÊ° v'u ¼YÖ�×�Ùd° w�v�v'q.s)}TsGwE��zRu4�¬´RwY³�s,z ºh»½¼\lGÀkm
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Ü�ÝoÞ¶Ý-ß à8á½âTã7ä�å-æ ã,ç@è'é

êrë ãYæ ì�èHí\á�å1é ë íAé îTã,ã,ç é9è'ï"ð�å1ãYð ã�á è'ã,ç.é�å<ñ�ã,ò<ó ô�ì4ä íEõ�õ�ä�ã7õ�í�è'å1ç�õ ö)÷Lø7ù¢ú@û�ü�ù¦ý7þ÷�ÿ�� í�æ ì·ã��
î�íAã�Ý àªíEä�ò<ó ã�á½âTã7ä�å-æ ã,ç@è'ébæ ãGíAé�ï�ä�ãYð ð�ã®èHíAå1ò1é±ì4ôBè ë ã é%â�í�è'å0íAò�íAç"ð è'ãYæ âTì4äfíAò¬ñ4íEä�å0í�è'å1ì�ç.ébì4ô

����� 	 � ì�ç � ã,ç@è�äfí�è'å1ì�ç.é�í�æ ì�ç�õ íEõ�õ�ä�ã7õ�í�è'å1ç�õ ö)÷Lø7ù¢ú@û�ü�ù¦ý7þ÷�ÿ�� � ã,ò1ò1é�
�íAç"ð è ë ã�ñ�ã,ò1ì � å<è'å1ã,éªíAç"ð
â�í�è%è'ã7ä�ç.é)ì4ô � ã,ò1òÃæ ì�è'å1ì�ç ��½ß\Ü��kÝ � ë å1ò1ã ����� 	 å1é õ�ã,ç.ã7äfíAò1ò<ó îTã,ò1å1ã®ñ�ãYð è'ì îTã è ë ã � ë ãYæ ì��
í�è%è�äfí � èHíAç@è¬è ë í�è	õ�ï.å-ð�ã,é � ã,ò1ò½íEõ�õ�ä�ã7õ�í�è'å1ì�ç�
�í�è%è'ãYæ â�è'éZè'ìÕâ.ä�ì\ñ�ãªå<è'é	å-æ âTì4ä9èHíAç � ã ë íYñ�ã�ô[íAå1ò1ãYðÚÝ
� ç.ãrâ.ä�ì4î"ò1ãYæ å1é�è ë ãUð�å�� � ï.ò<è�ó ì4ôJð�å�ä�ã � è'ò<ó å-æ íEõ�å1ç�õ � ë ãYæ å � íAò��¶ã,ò-ð�éYÝ�� ë ãrè�ó�â"å � íAò�æ ã®è ë ì�ð
å1é è'ì å1ç�ô�ã7ä � ì�ç � ã,ç@è�äfí�è'å1ì�ç ô�ä�ì�æ ì�è ë ã7ä æ ì4ä�ã ãGíAé�å1ò<ó ì4î"é�ã7ä9ñ�ãYð â ë ã,ç.ì�æ ã,çJí½Ý �)íEä������¶ã,ò-ð
å-æ íEõ�å1ç�õ ñ å1é�ïJíAò1å �Yã,é � ë ãYæ å � íAò"!RíYñ�ã,é å1ç"ð�å�ä�ã � è'ò<ó ô�ä�ì�æ è ë ã � ë íAç�õ�ã,é å1ç ò1å�õ ë è é � í�è%è'ã7ä�å1ç�õ
ì4ô � ã,ò1ò1é ð�ï�ä�å1ç�õ � ë ãYæ ì�èHí � è'å � � ã,ò1òÃæ ì\ñ�ãYæ ã,ç@è«Ý #�å�õ�ï�ä�ã Ü�Ý%$ é ë ì&!;é í ð¶íEä������¶ã,ò-ð å-æ íEõ�ã ì4ô
íEõ�õ�ä�ã7õ�í�è'å1ç�õ ö)÷Lø7ù¢ú@û�ü�ù¦ý7þ÷�ÿ�� � ã,ò1ò1é ì�ç íAç íEõ�íEä é�ï�ä%ô[í � ã�Ý � ë ã,ç é�ï"ð.ð�ã,ç.ò<ó ã�á½âTì�é�ãYð è'ì í

����� 	 õ�äfí�ð�å1ã,ç@è'
 � ã,ò1ò1é(�"ä�é9èbä�ì�ï.ç"ð ï�â)
�è ë ã,ç ã,ò1ì�ç�õ�í�è'ã è'ì&!RíEä'ð�édè ë ã ð�å�ä�ã � è'å1ì�ç ì4ô ë å�õ ë ã7ä

����� 	 � ì�ç � ã,ç@è�äfí�è'å1ì�ç�
 � íAï.é�å1ç�õ í ð�å�*?ã7ä�ã,ç@èrò1å�õ ë è6é � í�è%è'ã7ä�å1ç�õ å1ç"ð�ã�á ô�ä�ì�æ ï.ç.ã�á � å<è'ãYð � ã,ò1ò1éYÝ
� ë ã ! ë å<è'ã î�íAç"ð�é å1ç è ë ã ð¶íEä�� �¶ã,ò-ð å-æ íEõ�ã íEä�ã è ë ã ã,ò1ì�ç�õ�í�è'ãYð � ã,ò1ò1é�
 � ì4ä%ä�ã,é%âTì�ç"ð�å1ç�õ è'ì
è ë ã(!RíYñ�ãÊô�ä�ì�ç@èUì4ô ����� 	 é�å�õ�çJíAò1éYÝ+� ë å1éÁè'ã � ë ç.å-,�ï.ã(!Uì4ä���é.!Uã,ò1ò?ð�ï�ä�å1ç�õ íEõ�õ�ä�ã7õ�í�è'å1ì�ç�
�î"ï½è
âTì·ì4ä�ò<ó å1ç è ë ã æ ì�ï.ç"ð å1ç ! ë å � ë è ë ã � ã,ò1ò1é â�í � � è'å�õ ë è'ò<ó�Ý � ç.ò<ó ä�ã � ã,ç@è'ò<ó ë íAé ñ å1é�ïJíAò1å �\í&�
è'å1ì�ç !;å<è ë å1ç è ë ã æ ì�ï.ç"ð ï.é�å1ç�õ ð¶íEä������¶ã,ò-ð å-æ íEõ�ã,é îTã � ì�æ ã âTì�é�é�å�î"ò1ã/
_é ë ì&!;å1ç�õ è ë í�è è ë ã
!RíYñ�ã,é	â.ä�ì4â�íEõ�í�è'ãRíAé � ì�ç � ã,ç@è�ä�å � ä�å1ç�õ�é�
�é%â"å�äfíAò1éÃì4äBæ ï.ò<è'å0� íEä'æ ãYð é%â"å�äfíAò1é�ð�ã7âTã,ç"ð�å1ç�õ ì�ç è ë ã
ñ4íEä�å1ã®è�ó ì4ô�ö)÷Lø7ù¢ú@û�ü�ù¦ý7þ÷�ÿ�� íAç"ð ã�á½âTã7ä�å-æ ã,ç@èHíAò � ì�ç"ð�å<è'å1ì�ç.é ��/213�kÝ

4 ç.é9è'ãGí�ð ì4ô;ñ å1é�ïJíAò1å �Yå1ç�õ � ã,ò1ò�æ ì�è'å1ì�ç�
Bì�ç.ã í�è%è'ãYæ â�è è'ì é9è'ï"ð ó è ë ã ä�ì�ò1ã ì4ô ����� 	 å1ç

� ã,ò1ò�é�ì4ä9è'å1ç�õ å1ç è ë ã æ ì�ï.ç"ð å1ç@ñ�ì�ò<ñ�ãYð � ì�ç@è�ä�ì�ò1ò1å1ç�õ è ë ã � ì�ç � ã,ç@è�äfí�è'å1ì�ç ì4ô ����� 	 ñ å0í è ë ã
ì\ñ�ã7ä5� ã�á½â.ä�ã,é�é�å1ì�ç ì4ôbé�ã � ä�ã®è'ãYð â ë ì�é%â ë ì�ð�å1ã,é9è'ã7äfíAé�ã/
Áò1ì&!Uã7ä�å1ç�õ è ë ã ����� 	 � ì�ç � ã,ç@è�äfí�è'å1ì�çCÝ
6 ì è'å�â ô�ì4ä'æ ãYð !;å<è ë è ë ã ì\ñ�ã7ä5� ã�á½â.ä�ã,é�é�å1ì�ç�
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�o���A¦ �]�T�����"�8���"�(�x��~F�v�B�'�8��z
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l�m/nporqts�u*o l�orvwvyx{z-|}o qtnpm/~pv�� l�vw~pq9x>o�� sw�pqts��1o x>npo m�x>npo�� l�orvwvyx{z-|}o/� ��sO�e~1�to �-�7�a���}� qtnpmU��q
x>n��Ix���npor� |p�to���q9x��kvO� l�orvwvwq`���to � m��to l�m/nporqts�u*o/��x>npoDz ��m��>� l�vw~pq9x>o��tqysw�pqts��1o x>npo |p�to���q�|}m��to
���/�/�to����Ix>o/� ��sO�e~1�to �-�7�a��lU� qtnpmU��q x>npo m�|p|}m/qts�x>o l��kqto ��npor� |p�to���q�|}m��to l�orvwvwq ���to � m��to
l�m/nporqts�u*o/�bmUu*o��
vwm/�1� x>s�� orq�� |p�to���q9x��kvO� l�orvwvwq ���to ¡dq>¢�~poro�£�o��1¤ x>m x>npo qt~1������l�o �kq�x>npo |p�to��
q�|}m��to l�orvwvwq¥l�vw~pq9x>o���x>m ��m��>� � qtsw�1�evwo ���/�/�to����Ix>o/�1��s�x>n q>� �kvwv¦�§~a� �}o��tq`m��¨|p�to���q9x��kvO� l�orvwvwq
xt�<��|p|}o�� sw�pqts��1o/� ©&o�l��k~pqto l�orvwvwq o�ª�x>or�a� |aqtor~a�1m�|}m-�1q ��npor� x>npoDz � mUu*o/�gx>nporsO� qt~1������l�o
���to«�kqYsw�alD�to«�kqto/�1sw�alD�to«�kqtsw�1� x>npo �§~a� �}o���m��¬�av��l<� |ashª1orvwqysw� x>npo lD�tm/qtq�qto�l®x>swm/� u�swoD��q���¯§ma�
|p�to���q9x��kvO� l�orvwvwq&l��k� qtm��9xgx>m x>npobqt~1������l�oy��s�x>npm/~QxY�k�Kz |p�to���o��tor�al�o���m��°x>npobqt~1������l�o/�-�kq&vwm/�1�
�kq`|p�to���q�|}m��to l�orvwvwq����to � m��to l�m/nporqts�u*o/±�x>npo o�ªQ|}o��ts�� or�Kx��kv²qtsO�e���Ix>~1�to m��¨x>npswq�� o�l�n��k�pswq>�
�³m/~pv�� �}o�l�vw~pq9x>o��tq5m��}|p�to���q9x��kvO� l�orvwvwq&�Ix´x>npoµqt~1������l�oY��nps�l�n �³m/~pv�� �pm�xgq�|p�to«��� sw�Kx>m �¶x>npsw�
v��z*o��yl�mUu*o��tsw�1� x>npo·��npm/vwo � m/~p�a�\�°¸`ors�x>npo���l��kqto·��m��>� q�� x>sO|¦�

¹ � |p�to���q9x��kvO� l�orvwvwq ���to � ~al�n � m��to ���1nporqts�u*o x>m qtnpo«�Ix>n x>npor� |p�to���q�|}m��to l�orvwvwq�� �kq
º ���eor~al�nps »D¼³½�¾O¿�qt~1�/�eorq9x>o�� ÀGÁ�Â/ÃIÄM�¶|p�to���q9x��kvO� l�orvwvwq �³m/~pv�� � mUu*o x>m x>npo qt~1������l�o m�� x>npo
� m/~p�a� x>m � sw�ps�� sO£�o x>npo l�m/�Kx���l®x ���to«� �}oDx{�³oror� |p�to���q�|}m��to l�orvwvwq �k�a� qtnpo«�Ix>n0�°�to������>�§�
vworqtq m��Y��npoDx>npo�� x>npoDz ���to � m��to m�� vworqtq l�m/nporqts�u*o x>n��k� |p�to���q�|}m��to l�orvwvwq�� �am�� |p�to���q9x��kvO�
l�orvwvwqÅ� m��to¥l�m/nporqts�u*o �ÆqtnpmU��� sw� ��sO�e~1�torqµ�-�7�a���§��Ç��ÈÁe�g�IxµÁ�Â/Â/Â É Êy¯p�i��|p�to���q9x��kvO� l�orvwvwqÅ� mUu*o
qtvwmU��v�z x>m x>npo qt~1������l�o m��³x>npo � m/~p�a�\�¨vwo«��u�sw�1� qtme� o q>� �kvwv5|p�to���q9x��kvO� l�vw~pq9x>o��tq �}ornpsw�a�\±
�pm x>sO| ��m��>� q�� ¹ �¬x>npo·|p�to���q�|}m��to l�orvwvwq`���to � m��to·l�m/nporqts�u*o�x>n��k� |p�to���q9x��kvO� l�orvwvwq �ÆqtnpmU��� sw�
��sO�e~1�to �-�7�a�Æo����Ix Á�Â/Â É Êy¯p�i�¦� m��to |p�to���q9x��kvO� l�orvwvwq ��|p|}o«��� m/� x>npo qt~1������l�o/�\��s�x>n qtme� o
q>� �kvwvËl�vw~pq9x>o��tqgm�� |p�to���q9x��kvO� l�orvwvwqgvwo��Ìxg�}ornpsw�a� ��s�x>npsw� x>npo��a~pvO� m��}x>npob� m/~p�a�\�-�k�a� �����ksw�0�
�pm x>sO| ��m��>� q�� º npo m/�pv�z �1s�Í o��tor�al�o �³o m��aqto��9u*o�� �}oDx{�³oror� x>npo l��kqtorq�swq�x>n��Ix¥l�orvwvwq¥l�me� o
x>m x>npo qt~1������l�o � m��to qtvwmU��v�z sw� Îa�tq9x l��kqto/����nps�l�n � ���eorq qtor�pqto/� ¹ �y|p�to���q9x��kvO� l�orvwvwq ���to
� m��to l�m/nporqts�u*o/�Rx>npoDz x>or�a� x>m l�vw~pq9x>o���� ¯§sw�al�o � o�� �p�<�k�po ÏË~al®x>~��Ix>swm/�pq �Q�ts�u*o x>npo l�orvwv
� m�x>swm/�0�pl�vw~pq9x>o��tq��1s�Í ~pqto � m��to·qtvwmU��v�z x>n��k� qtsw�1�evwo l�orvwvwq�� º npo �1s�Í o��tor�al�o �}oDx{�³oror� x>nporqto
|}m/qtqtsO�aswvws�x>sworq l�m/~pv�� �}o q9x>~a�1swo�� o�ªQ|}o��ts�� or�Kx��kvwv�z ��z l�npo�l<�-sw�1� ��npoDx>npo�� m�� �pm�x |p�to���q9x��kvO�
l�orvwvwqµ�1m sw� ����l®x�x>or�a� x>m ��m��>� q>� �kvwv0l�vw~pq9x>o��tq��}o���m��to·x>npoDz l�me� o¶x>m x>npo qt~1������l�o/�
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Ð�ÑpÒ ÓtÒrÔtÕpÖ�×>Ô ×>Ñ�ØI× Ù�Ú/ÖwÖwÚUÛ ØkÔtÔtÕaÜ Ò ×>Ñ�ØI× ×>ÑpÒ Ý}ÒrÔ9× Þ�Õ1Ó�ÓtÒrßK× àeÕpÒrÔtÔ Ø�Ý}Ú/ÕQ× ×>ÑpÒ ×>ÑpÒ ×tÓtÕpÒ
Ôtá�×>Õ�ØI×>áwÚ/ß áwß â·ãåä�æÆçKèIé�æëê�ìÈãîí�ï áwÔ'×>ÑpÒYðñØ�Ó<Ø�Ü ÒD×>Ò�Ó[ÔtÒD×°Þ�Ú�Ó�ÓtÒrÔ�ð}Ú/ßaò1áwß1à ×>Ú ó�áOàeÕ1ÓtÒ¥ô-õ7öa÷ÆÒ�øiõ#Ð�Ñ�ØI×
áwÔ�ùQðpÓtÒ�ú�Ô�ð}Ú�ÓtÒ Þ�ÒrÖwÖwÔ�Ø�ÓtÒ Ü Ú�ÓtÒ
Þ�Ú/ÑpÒrÔtá�û*Ò Økßaò ×>ÑpÒDü Û³Ò«Ø�ý-Ö�ü ðpÓtÒ�Ù�Ò�Ó³×>ÑpÒ·ÔtÕ1Ó�Ù�Ø�Þ�Ò/õ'Ð�ÑpáwÔyÔtÒD×yÚ�Ù
ØkÔtÔtÕaÜ ð1×>áwÚ/ßpÔ�ÖwÒ«Ø�ò1Ôg×>Ú ×>ÑpÒ¥Ü Ú/Ô9×�Ó<Ø�ðaá�ò Økßaò Ü Ú/Ô9×�ÓtÚ�ÝaÕpÔ9×
÷Æáwß ×>Ò�Ó>Ü Ô�Ú�Ù û�Ø�Ó9ü�áwß1à ×>ÑpÒ¥Ú�×>ÑpÒ�Ó
ðñØ�Ó<Ø�Ü ÒD×>Ò�ÓtÔiøYÔtÚ�Ó9×>áwß1à Ú�Ù'×>ÑpÒ ðpÓtÒ�ú�Ô9×�ØkÖOý Þ�ÒrÖwÖwÔ¥×>Ú ×>ÑpÒ Ü Ú/Õpßaò ÔtÕ1Ó�Ù�Ø�Þ�Ò/õ
þ'û*Òrß áwß ×>ÑpáwÔ
Þ�ØkÔtÒ/ù
×>ÑpÚ/Õ1àeÑ0ùpßpÚ ×>áOð Ù�Ú�Ó>Ü Ô�õ

Ð�ÑpÒ�Ôtá�Ü ÕpÖØI×>Ò�ò ðñØI×�×>Ò�ÓtßpÔ[Û�Ñpá�Þ�Ñ ò1ÒDû*ÒrÖwÚ�ð Õpßaò1Ò�Ó°ò1á�ÿ Ò�ÓtÒrßK×>áØkÖaØ�ò1ÑpÒrÔtáwÚ/ß ÓtÒrÔtÒ�Ü ÝaÖwÒR×>ÑpÚ/ÔtÒ
ÔtÒrÒrß áwß Ý}Ú�×>Ñ Þ�Ø�Ó�� ��������� Økßaò ×�Ø�à�� ����	�
��Ëß§ÕpÖwÖaÜ ÕQ×�ØkßK×>Ô�ù�Û�Ñpá�Þ�Ñ Ø�ÓtÒ�ÖwáOýeÒrÖ�ü ×>Ú Ñ�Ø�û*Ò�Þ�ÑpÒ�Ü Ú�ú
×�Ø�Þ®×>á�Þgò1Ò�Ù�Ò�Þ®×>Ô�õ�´ÓtÒ�ú�Ô9×�ØkÖOý Þ�ÒrÖwÖwÔ Ù�Ú�Ó>Ü Ø�×>Ñpáwß ÔtÕ1Ó�Ù�Ø�Þ�ÒgÖØ�ü*Ò�Ó Ú/ß ×>Ú�ð Ú�ÙQ×>ÑpÒRÜ Ú/Õpßaò ÝaÕQ×#ßpÒDû*Ò�Ó
Ù�Ú�Ó>Ü Ø ðpÓtÚ�×tÓtÕaò1áwß1à ×>áOð¦õ��MÙ�×>ÑpÚ/ÔtÒ Ü ÕQ×�ØkßK×>ÔyÔtÚeÜ ÒrÑpÚUÛ áwßK×>Ò�Ó�Ù�Ò�ÓtÒ·Û�á�×>Ñ Þ�ÑpÒ�Ü Ú�×�Ø��1áwÔ ÷ÆÒrá�×>ÑpÒ�Ó
Ý�ü ò1ÒrÖwÒD×>áwß1à Ø ÓtÒrÖwÒDû�ØkßK×RÓtÒ�Þ�Ò�ð1×>Ú�ÓÅÚ�Ó�ù§Ù�Ú�Ó&×�Ø�à��¥ù�Ý�ü ÒrÖwá�Ü áwß�ØI×>áwß1à Ø ÔtÕ1Ý Þ�ÖØkÔtÔYÚ�Ù Þ�ÒrÖwÖwÔ&Û�Ñpá�Þ�Ñ
Ü Ø�ü Ý}Ò³áwßKû*Ú/Ö�û*Ò�ò áwß áwßpá�×>áØI×>áwß1à�×>ÑpÒYÞ�ÑpÒ�Ü á�Þ�ØkÖ�ÔtáOàeß�ØkÖÌøiù�×>ÑpÒrÔtÒ��Ëßaò1áwß1àeÔ¨Û³Ú/ÕpÖ�ò Ý}ÒYÞ�Ú/ßpÔtáwÔ9×>ÒrßK×
Û�á�×>Ñ Ú/Õ1Ó�Ü Ú-ò1ÒrÖ0ò�ü�ß�Ø�Ü á�Þ�Ô�õ

�,ßaÞ�ÖwÕaò1áwß1à Þ�ÑpÒ�Ü Ú�×�Ø��1áwÔ�ù³Økß Ø�ðaá�Þ�ØkÖ�×>áOð Ù�Ú�Ó>Ü Ô�õ ó�áOàeÕ1ÓtÒ ô-õ�� ÔtÑpÚUÛ�Ô Ø ×{ü-ðaá�Þ�ØkÖ�áwßpá�×>áØkÖ
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U[%<,Y= 57\]8:@K, ^ 5�(K;_A G�8 8:%�^ , `�,D*-5_/ Tbac5�(d8 e�fFg hK*-,#PiL98RGJI'j VD,EI<I<L Nk*-,�A4S Gl*-, *�GJ;_A+5)^ I?M
A+%<L98-*-%'a_(d8:,�A G�^ 5�;+& hK*-,#PiLmhc57*-, VD,EI<I<L Nka_I<(K,nSpoqVD,EI<IqL-(+*m\rG�VD,EL Gl*-, VD5�I<57*-,�A a_IHG�V�js/ NOG�Pte)S T
8:@+*-,E,#PuA+%�^ ,E;KL-%<5�;vGJIFL-(+*m\rG�VD,wh_I<5�8x57\+8:@K,y^ 5�(K;_A G�8z8:%�^ ,w`�,D*-5_/�NkacS{T U",D*98:%�VWGJIFL-,�VZ8:%<5�; U[%<,Y=
GJ;_A G L-(+*m\rG�VD, h_I<5�8|57\}8:@K, ^ 5�(K;_A =>%?8:@ hK*-,#PiL98RGJI'j VD,EI<I<L|^ 57*-, VD5�@K,EL-%?U", 8:@vGJ; hK*-,#PiLmhc57*-,
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���p�k�����O���r�t����� Q�fFSp��G�8be�f�f�f�f � 5�;F8:, ��Gl*-I<5 L98:,Dh_L NO� ��3KSp/{NrV�S�3dG�^ , GJL NkacSwa_(d8�=>%?8:@ hK*-,#P
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Æ-Ç�Û�É ßrÒ�í>î ô"ÇDÆ9Ï:Ã�ÒWÐJÑxÒYÆ-Ó�Ö-Ö¢Ö-Ç�ÒZÏ:Ã<Ó�Í Ó7Õ§Ï:ÙKÇ × Ó�ÅKÍ_Û Ö-ÙKÓ�Ø>Ã<Í+Ä ÒDÇEÑ<ÑzÏ�õ ð Ç Û+Ã<Ö9Ï-Æ-Ã'Ú_ÅdÏ:Ã<Ó�Í¡Ë ð Æ-Ç#ï
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À�Á^Â_Ã Ä Å�Ä Æ�ÇkÈ#É0Ç,Ê%ËLÌNÍKÎ,Å�ÏPÉ>ÐQÅ#Ñ ÒBÓ	Ê#ÔNÕ�Á ÖF×,Ø�ÁNÙ�Ú\Å
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À�ÁNÙ?Ã Ü Å�ÝPÅ�Þ&Ç¯ÆeÈ�ßgà?ÐQÊ%é Å�ê Å�ë�È#â.É0Ç,ÊBÆ!ì%È Ï Å�ÝPÅ�í�Ç7á.Î,Ê�ËLÌ&á.â¨ÅBÄ Æ�ã�Å%ä	É>åbåGÅBæ�ç	Ê�ègÙ�Ù ÖF×,Ø�Á�ÁNÚ\Å
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À�Ø�ú�Ã ð&Å�÷NåªÆ,Ð�Æ!ì&Î,Ê�ÝPÅ�éCàgû Æ!ìNÍ^Ê&Æ!ì%È é Å�Ä ü#ßeÆeû ÉDâ¨Ê&ÝLü#Ç7à�ö%ÌNÍKÎ,Å�ä	É>åbåGÅ§ý�æ8Ê#Ô�×,Ø ÖF×,Ø�Ø&×?Ú\Å
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ÖF×,Ø�Ø^ègÚ\Å

À ×,ú�Û�Ã�ï Å�ï ÅBÄ ü&â.â.á.ì&Î,ÊBð&Å&Ñ�ö&ö%â¨ÅBËLÌNÍKÎ,Å,��ò¿Ê�Ø�ú�ú ÖF×,Ø^ÂeÛNÚ\Å

èeú^Â



WYXNZ\[^] _ `1a `;b c.d/egfihkjS`ml `onqp dsr tue.d/vwhxjS`;yz`o_{d^|#}/h1~�vu� a `/� pJ~�vk�8hu�;�Fc.��tkf>~ � }Ffi`x�M��h1�m�
�gXN�/�/�\��`

WYXNZ/�] _ `Ma `8b c.d/egf7~�vu� jS`xl `unqp dsr tue.d/vwh8a `J�z�5}N��`8� ~Cf$}�c.��~��5e �k�9hk�/�;[ �gXN�/�/�\��`
WYXNZ/�] jS`xl `8nqp dsr tue.d/vwhu_ `Ja `Jb c.d/egfih8~�vu� b�`,��tM~�}�t�}3vwhu�S�	f>~ � }Ffi`8����hJ�/�\[ �gXN�/�\[/��`
WYX/XNZ] � `,� `*bud�cgf$}3eNh*� `���`���d/e?~xh���`*b��5vu�k��~N mh�~�vu� � `�¡K¢ }N�k}3eNh9£zp �5�¤`9� ~�8`M� �M�9hw¥/�s[
�gXN�/�/�\��`

WYX/X/X	] � `8��`8��d/e?~xh8~�vu� � ` � `Jbud�cgf$}3eNhu�z¢kc.d�tup\ 1eN`8yD}Ff¦fi` §¨�MhM�s[/[ �gXN�/�/�\��`
WYX/X�¥©] � ` �ªe.��tM~�¢ e¦«�~�eª~�vu� a ` � `�¡K��~¬N�5}�cNhk�5v t c.}�tM~c?~Cf$�5d/v �gXN�/�/�\��`
WYX/XN] a `u� `,¡K��~¬N�5}�cNh8£zp\ 1eN`8��}F®*`uyD}Ff¦fi`��u¯DhM¥xX^[�Z �gXN�/�/\��`
WYX/XF��] jS`,�o��c.}/hJ£zp\ 1eN`8��}F®*`uyD}Ff¦fi`��J��hk�o¥�Z �gXN�/���;��`
WYX/X��©] ° `Ja `J°S¢kc.��~�vwh8° `u� `1� }3�±f.¬shJ~�vu� ° `Ma `8£z�5v }/h,�;���5}3vu��} �M�M��hJ�/�/� �gXN�/� X^��`
WYX/XN�] ° `Ja `J°S¢kc.��~�vwh8° `u� `1� }3�±f.¬shJ~�vu� ° `Ma `8£z�5v }/h8£zp\ 1eN`8��}F®*` � §M§¨h8�S[��/Zm¥ �gXN�/�m¥s��`
WYX/X^[^] jS`*£²`w¡Kd/vJ~Cf>~�eNh�a `w��`9yD}3���spwh�� `w¡ `J³"d;�kpwhwa `�� `D¡K��~¬N�5}�cNh�~�vu� ´ª`9£µc?~�¢ e.}/h*£zp\ 1eN`
��}F®*`uyD}Ff¦fi`��J��hM�s[� �gXN�/�m�s��`

WYX/XN�] ´ª`8� `,£µc?~�¢ e.}/hMa `8� `*¡K��~¬N�5}�cNh���`J� `�¡Sc?~N®1�5vJ~xhM~�vu� jS`J° `,� d/v\f$}Nr ~�sv duh8a `M£zp\ 1eN`
j�d/vu�k}3v eN`J� ~Cf¦f$}�cS�9h8y¶�xX/X �gXN�/�m�s��`

WYX/XN�] jS`J� d/v v }�c.}�~�¢ ~�vu� � `xlK���sv }3e¸·��S�k�5}�cNhJ£zp\ 1eN`8��}F®*`uyD}Ff¦fi`J¹M¯DhM�/¥/¥�� �gXN�/�/�\��`
WYX�¥�Z] º `8º ~N|Q~�e?~«;�¤hkn `8»S~��~��¤h8~�vu� º `8»S~«�~�e.p �¼r ~xh £zp �5�¤`M� ~�8`8´ ½M¯Dh8/�/� �gXN�/�/�\��`
WYX�¥xX	] n `�»S~��~��¤h���`C¾Sp\f>~xhCº `iº ~N|Q~�e?~«;�¤hC~�vu� n `C¾ª«;¢k¬Nd/v duhC£zpJ~�e.}zn¨c?~�v eN`©�8¹Dh;X^[/[¿�gXN�/�/Z\��`
WYX�¥/¥©] ° `1� }�~���c.} ~�vu� a ` � `�¡K��~¬N�5}�cNhu£zp �5�¤`M� ~�8`uyD}Ff¦fi`J½M¹Dh8� �gXN�/�/\��À*ÁÃÂ�Á�Ä�hu/�/ �gXN�/�/\��`
WYX�¥�] � `J� `,jS`u�k} �ª�¼r }3�¼�8~ ~�vu� a `,jS`J� `J� dsr ÅM~��>pwhk£zp\ 1e.�¼�i~ � �8�M½DhM¥��/� �gXN�/�\[/��`
WYX�¥C��] jS`"¡ `za `&´=�5e¦t�}�c.�5vk«�h#a `"jS`Æ�7«o«s}�c$r ~�vwh&� `z£µc.�5v eNh�~�vu� � `z° `z��d/v\f$}3�±f>~tDh"budod;�
�\f.c.¢u�	fi`w�M�MhDXNZ X �gXN�/�m¥s��`

WYX�¥/�©] º `J´"c?~«o«s}/hu�AÇxtD`J� ~Cf$pw`w�Mh,¥ �gXN�/�m¥s��À*ÁÃÂ�Á�Ä�hwXF�JX �gXN�/�m¥s��`
WYX�¥��] jS`�l `w´=d^ 1eNh²È�É�Ê>Ë ÌÎÍMÂ�Â�Ï5Ð�Ñ3Ò ÓDÔ Ð�Á�Õ Ö?É�Ï�ÉÕ>Ñ Ê×*ÄKØ3ÉÕ$Ö>Ð�Ñ ÙÚÔ\Á�Ö�Ô Û É�Ï�Ä Ü(Ô Ð�Û �¤°Sd^®m}�cNÝ
»{}F| ³"d�c¦«�hDXN�m���\��`

WYX�¥s[^] a `Þa `ß´=��«s}�c$r ~�vwh�àÞÉ�ÊÛ Ñ3Ò ÓDÔ Ð�ÉÕ�á Ê×*Ä â$×*ÄÍ;Ñ�Ü�Õ�Á�Ê�Ï�ãäËmË*Ï�Á�Ö?Ê�Ü�Á�É×uÑ �¤��}3�5v p d/�¼��Ý »{}F|
³"d�c¦«�hwXN�m��\��`

WYX�¥��] º `xa `1�  1e.}3�5eNhxº `k�op �5v d;�8~xh ~�vu� ��`1b c?~�vk«s}3�¤hJÈ�É�Ê>Ë àµÁ�Ï�Û Ñ3ÒÎÈ�Ü�ÍJÄÁÃÐ�ÑåÉ¸Ø ÓDÔ Ð�Á�Õ ÓDÔ\Á�×Jæ
×8Á�×;ç Ê×*Ä Ê ÌÎÁÃÂ�Ï�Á�É$ç�Õ$Ê>ËMÔ\á �¤£²}�c¦��~�r d/v £µc.}3e.eNÝ"¾OÇxèéd�c$��hwXN�m���\��`

¥�Z/�



êYë�ì�íî ï ðoñ ò�ó�ô�õ.ò/ö8÷�ð ø{ùxú.ûNü5ò�õNöJý ðoþ&ò�õ¦ÿuô��gúiöuó���� ��ð��²òFú$ò�õ	�Nö�
���*ð���� ò�� ð��������Nð�������ö�� ë �
!gëNí/í�"$#�ð

êYë��$%î ý ðxþ&ò�õ¦ÿuô��gúiöMó���� ï ð1ñ ò�ó�ô�õ.ò/ö&�zùkõ	'uð&�������Nð�(DòFú¦úið)�&*Dö&+$� ë !gëNí/í�,�#�ð
êYë�� ë	î ý ðoþ&ò�õ¦ÿuô��gúiökï ð\ñ ò�ó�ô�õ.ò/ö ó���� 
 ð.- ð�/¿õ?ó���� ô10�ö�2 ð���������34��'$���kò5�.�Nð.- óCú¦ú$ò�õ76Dö���"1ë �

!gëNí/í$+�#�ð
êYë��mì©î98 ð:2�ô�ó���; ó���� 2 ð.
 ð�ýKü�óûNô5ò�õNö���� ô5ü¤ð:- ó<;8ð�(DòFú¦úið�=�>¨öDë/ëNí !gëNí/í$+�#�ð
êYë��$�î98 ð:2�ô�ó���; ó���� 2 ð.
 ð�ýKü�óûNô5ò�õNö&- óCúið&?�ò5�NðM÷@'�A�ð�÷���� BDð��µõ	'�A�ð.>C*:DDö&�$%�" !gëNí/í�"$#�ð
êYë���,�î 
 ð:EF�Jó<0�ú>ó ó���� ��ð�?�ù�AG0sò5�.�gú$ò3ô��wö.
���*ð���'/ü5ü�'/ôH� IJ�\ú$ò�õLK óMA�ò ÷�A�ô¤ðC=��DöDë !gëNí/í�"$#�ð
êYë��N�©î ï ðDñ ò�ó�ô�õ.ò/öPO ðQ�zô±ú¦ú$òFúiöz÷�ð�ø{ùxú.ûNü5ò�õNöµó���� ï ðQ�ÚóõR�8ó�ü¤öS�������NðQ?�òT*ðU(DòFú¦úiðP=V�MözìM+�"�%

!gëNí/í$��#�ð
êYë��$+î ï ð&ñ ò�ó�ô�õ.ò/ö7÷�ðXW�ô����kü�ó�� ó���� ý ð þ&ò�õ¦ÿuô��gúiöY2 ðX��������3 ��'$���kò5�.�NðZ- óCú¦ú$ò�õ =9ö[(¶ìxë\"

!gëNí/íN�]#�ð
êYë���"^î 
 ðJï ð&?�ù��kô��wö:2 ð&IJ�.�gú$ô±ú$ùxú$ò E"õ.òT^Oô���; *:DDö:�M%$+ !gëNíN�]"$#�ð
êYë��$_î ��ð@? ð�E"õ.ô5ò�õ.ü5òT�mö��²ð�2 ð/ñ ô5üH�kò/ö�
 ð�`�� ô��	� ô¤ö��²ðx÷�ð;ø{ù�;]� ò5�Nömñ ð�2 ðx÷oôH� B��	'$� ó���� ï ð��Sð

��ü�óõL0�ö&2 ð�÷�A�ô¤ð&W�'@'�� 
a;/õ.ôHA�ð)=��Dö)�M� ë !gëNí/í$+�#�ð
êYë��/íî ÷�ðÞø{ùxú.ûNü5ò�õNö²ý ð*þ&ò�õ¦ÿuô��gúiö¨ï ð�ñ ò�ó�ô�õ.ò ó���� / ðb
 ð��ó�� �kò�õ ÷\ú$ò3ò5�wöc�zùkõ	'dB������Nðe(DòFú¦úið

De�Mö�,\í�" !gëNí/íN�]#�ð
êYëT,�%î 2 ð@Eªð1ýKò�õR� ó�� ó���� - ð@2 ð@- A\�ÎóõgúR���mö@2 ðN
a;/õ.ôHA�ðfW�'@'�� ��� ò�� ð�DC=9ö�ë��mìxë !gëNí$_/í�#hg@- ð

2 ð�- A\�ÎóõgúR��� ó���� ��ð&�²ò�õ.ò�ûsö&E=ô�'�ú$ò�Ai�.�.'/ü¤ð��µõ	'd;8ð)=9ö:�j,�% !gëNí/í ë\#�ð
êYëT,Jë	î I�ð�I�ð,ý9'/ülkm��K óõ¦ÿDö&/ ð�Eªð�/ ó��.�wöJó���� I�ð�? ð,÷�õ.ò3ô�ÿ�ò�õNö:2 ð&W�ü5ù ôH� ïa���wð)�&DDö,ìj,$, !gëNí$_$_�#�ð
êYëT,oì©î 
 ð:- ð&/¿õ?ó���� ô10�öM÷xó����kô�ó ?�ònB�'�õgúiöM÷xó�����_$�poq%$_�,$, !gëNí$_$��#�ð
êYëT,��î / ð�Eªð&/ ó��.�wö:2 ð&W�ü5ù ôH� ïa���JóM� ôHAn�Nö��:��ö.,oìM% !gëNí$_$+�#hg�rtsurwv�ö)�:x�öMìM�$+ !gëNí/í$%�#�ð
êYëT,$,�îåþ ð�ý9'/üH���gú$ò3ô��wöUI�ð�ý9'/ülkm��K óõ¦ÿDö¶ó���� I�ð¶÷@�kõ.ò3ô�ÿ�ò�õNöQIJ�\úiðc2 ðy- ù ü±ú$ô1B��Jó��.ò W�ü�'\^ �:��ö�í/í ë

!gëNí/í$+�#�ð
êYëT,@�©î �²ð.
 ð8øSó��	�7ó���� ø ð�W�ð�2d'$�.�.�	'$�wö�IJ����ð:����;8ð:��� ò�� ð�Wuù.����ð)*DöMì/ì$� !gëNí$+�"$#�ð
êYëT,�+î - ð�þ ð�?7óM� ó�� ô¤ö�? ð�/åù�� óõ#ó���� / ð ÷�ðuý ó������ ô¤ö���� ò�� ð�����;8ð ÷�A�ô¤ð�>C6Dö�,@�$� !gëNí/í$��#�ð
êYëT,�"^î 
 ð:EF�Jó<0�ú>ó ó���� / ðz�Sð&/{� ô5ü�óõNö&(¨ó���;N� ù ô�õ|=9öDë�_mì]" !gëNí/í ë\#�ð
êYëT,�_î ý ð&OSóõ	�.ôH� �Jó��wö&2 ð�W�'@'�� ����;8ð}��>¨öÞë��/í !gëNí/í ë\#�ð
êYëT,\íî - ð.
 ð�W�'�õgú$ò5�{ó���� ÷�ð���'/ù�;]� ü�ó��wö�2 ð.
aB.Buü¤ð:�������Nð�=�*Dö�,�%mì�í !gëNí/í�,�#�ð
êYë �M%î W�ð�÷�ð,÷@� ô�� ó���� ? ð&(Dò�� ü5ôHAi�wö�
9I~���&��2 �:�MöÞë�_ !gëNí$+N�]#�ð

ìM%�"



��� ����� � �P� � ���1�	�$��� �������L�R�T���������Y���	�����n� ����� � �����<�R�&���l�Z������ ��4¡��T¢���£e�T�L���X¤V¥ ¦M§�¨�©
ª«��¬$¬$�®h�

��� �$¦p� ¯ �:°F���<±f�i� ����� ²���¡���³i�.�5�. «�R�5���}��£c����´Nµ �.�1� ¥:¥:�e�T¶�·$§ ª«��¬$¬N�]®h�
��� �M<� ¸����@�n¹.¹:���Cº¼» ½<¾ ¿ ½<À�Á ÂuÃÅÄÆÃwÇ�È�ÃwÁÊÉ5» ½<¾ ¿9ªwËdÌ$�.� � �����T� Í �@Ì$�. �ÎÏ¯aÐ����	Ì$�. ��¼��¬$·�¨$®h�
��� �j¶d� Ñ �Ê���<�	 	�Hµ ����� ����� ²��7¡���³G±]�5�. «�R�5���}�|��� º¼» ½<¾ ¿5Ò ÓeÔ.ÕÖ»<×hØjÙ Ú ÕÖ½j¿iÈ�×ÖÕu¾ ÕuÀ:ÛÜ¿ ½<À�Á

ÝXÞNÞ ÄÆÃwßG½MÛÅÃw»<À�¿h�@���� ���¡ �.à �Ï�	���báâ�.Ì]µ µ � ����� ����¯ à{�����}�&ã �<�R³n�5�b���n±@±]�n��ÎÏ�Y�Tä å�Ìd�L±C�
¬$¬ ª«��¬$¬N�]®h�

��� �$�p� ²��&¡���³G±]�5�. «�R�5��� ����� ¸��)�@�.�}��æJ���b�:²���´&�)ç��.��µ ��¡��5 ��&è�éc�&N�M·.� ª«��¬$¬N�]®h�
��� �M§<� Ë.�����&���<�L± ����� ²��&¡���³G±]�5�. «�R�5���}��Ë.�.¯aÐ.Ð��l���êÌ$����µ ����³n�l�:è:ëe��¶@�$¦ ª«��¬$·$¬�®h�
��� �]¨\� ¯ ��¡ �&°F���<±f�i� ����� ²��&¡���³G±]�5�. «�R�5���}�&£c����´Nµ �.�1� ¥:¥:�e�T¶�·$§ ª«��¬$¬N�]®h�
��� �M·<� ¯ ��¡ �&°F���<±f�i� ����� ²��&¡���³G±]�5�. «�R�5���}�&£c����´Nµ �.�1� ¥:¥:��¶�§�¶@¦ ª«��¬$¬N�]®h�
��� �M¬<� ¯ ��¡ �&°F���<±f�i� ����� ²��&¡���³G±]�5�. «�R�5���}�&£c����´Nµ �.�1� ¥�ìb�&$©$·$¬ ª«��¬$¬$§�®h�
����§$©<� ²��&¡���³G±]�5�. «�R�5��� ����� ¯ �&¡ ��°F���<±f�i���&£c����´Nµ �.�1� ¥�ìb��¶����¶ ª«��¬$¬$§�®h�
����§.��� �ê���@Ì$�����H³i�}�Ï¸��ê£e��íf�.�5��îb�Ï�ê�ê�Y�n¹.�G�����b�4����� ã �ê²��Pç��j�R�5 ��������� ��ê¡��T¢��ê£e�T�L����¤�ëe�

¦M©N¦M© ª«��¬$¬�¨$®h�
����§N¦p� ¡ �&à �&�Ï�	���báâ�.Ì]µ µ �$��¯|�.�}�)ã �5�T���:�@Ì�³d�&¡��.�5Ì$�l���&£e�uî�����´d�RÌ$�}�&à|å ª«��¬$·.�\®h�
����§$<� � �:ã �&�Ï�	����³n�5�}��Ë.�)ç�Ì$����Ì$�H� æJ���R�n�Lïð�M³n� ��³n�l��ñe¥:�¼��§$© ª«��¬$·$�®h�
����§�¶d� ���j¯ ��à{����� ����� ¡ �dç��j¯a�Rµ  «�	�	Ì$��´&�MË.���YÌ$��òq�Y�TäÊ�RÌ$�.�ó��� ¸Q���.�H� ã ��³i�}�Mì:ìb�.�9ª«��¬$·$§�®hô

���.¯ ��à{����� ����� ¡ �)ç��.¯a�Rµ  «�	�	Ì$��´&��ÃtÂuÃwÁ��:ì:õb��§.� ª«��¬$·�¨$®h�
����§N�p� ö �)÷|±�����Ì$�.Ì ����� à �&à ��äÊ�� G�<±��l�.������ ���¡��T¢��&² õb¥:�e� ¦j¶�§ ª«��¬$¬N�]®h�
����§$§<� � ��� � ���1�	�$�M¸���°FÌ$���RÌ$�}��ö �j�Y�n�R���R���$�$����� � �p¯a�	�nïø�M���.���l��ã �<´&�p£e�T�L���<ù:ùe�]¦M¬$ ª«��¬$¬N¦]®h�
����§�¨\� � ��Ë.�������	�ó���}�&������ ��&¡��T¢��&² õ:õb�e�\¨�$¬ ª«��¬$¬�¨$®h�
����§$·<�9å �ÏËd�ó����´&���ê��Ë.�4��äÊ�<�«����¯ �4���\î��5�����Fã �ê¯| 	�1Ð:���. L±M�� ��F����� Ë.�S¯ ��Ñ9�ó�<�����n���4������ ��

¡��T¢���²��. 	��¹&µ ���L�R��� ª«��¬$¬$·�®h�
����§$¬<� ¯ �:ã �&àú�G�����.�1±C��¯|�.�}��¡��T¢��&¸Q���.�H� ã ��³i�}�)ì&ûe�&N¦$� ª«��¬$·$·�®h�
���\¨�©<� Ë.��£e��¹������.�n����üZÄ1½j¿uÛÅÃwß�ÃÜÛÅØ ÓeÔ.ÕÖ»<×hØ ªwã �M³5µ �����ó���}ÎÏ�Y�Tä å�Ìd�L±C�e��¬$¬$©�®h�
���\¨���� � �.¯ ��¡��5���.�5���|����� ¯ ��ã �&àú�G�����.�1±C��Ë.�&¸Q���.�H� ã ��³i�}�:ìb¥�õb�.¶�.� ª«��¬$¬$©�®h�
���\¨d¦p� ����¯ �&£c����´]�n�Y����� ¯ ��Ë.��£e���}��Ë.�������� ��)ç��.��µ ��° ¥�ûe¥:�&·$§$§�¨ ª«��¬$¬�¨$®h�
���\¨�<� ����¯ �&à{�����}�)ç���¯ �)��³i�.�.�nÐ.Ð��n���:����� ¡ �:ç���¯a�Rµ  «�	�	Ì$��´&��Ë.�&¡��.�5Ì$�l��èe¥:�&§$¬ ª«��¬$·$·�®h�
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